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1.0 INTRODUCTION

The program overview is summarized in Refs. 1-1, 1-2.

1.1 BACKGROUND

Electronic assemblies at all levels of assembly, component, printed wiring board (PWB) and

Line Replaceable Unit (LRUs) employ many combinations of equipment. The reliability

(performance over time) of these assemblies is dependent upon the degeneration processes

initiated by the interaction of the design and manufactured (package) configuration with the

operational and environmental stresses imposed during its period of usage. In general, life

limiting failure mechanisms generally arise from the configuration and use of materials which

interact with one or more environmental parameters such as temperature, relative humidity,

nuclear radiation, electrical potential gradients, mechanical fatigue cycling and corrosive

chemicals. The manifested failures in electronic assemblies have been found to most often

originate at the interface between different materials, at high stress sites and/or at sites where

latent defects preexisted within the electronics.

Studies by many investigators have identified that the environmental stresses of vibration and

thermal cycling significantly contribute to the failure rate of modem electronics (Ref. 1-3).

Vibration and thermal cycling induce mechanical stress and strain in the materials and interfaces.

The effects of cyclic stress and strain loading on materials have been extensively studied and

modelled under the technical disciplines of fatigue analysis, linear elastic fracture mechanics and

nonlinear fracture mechanics. In general, this work has been for structural materials used as load

carrying members of large structures such as airframes or space structures as opposed to

microscale structural configurations typical to an electronic assembly.

Over the past 15 years technical work to understand and in some cases model the reliability

of specific failure prone sites within an electronic assembly has been accomplished. Generally

this work has been done for a specific problem using techniques such as linear fracture

mechanics, curve fitting of experimental data, fatigue analysis, and chemical reaction rate

relationships. The focus of the Electronics Reliability Fracture Mechanics (ERFM) program was

to bring this work together in a coherent manner so that Failure Free Operating Period (FFOP)

predictions can be made based upon material properties and/or defect characteristics for the

environmental effects of vibration and thermal cycling.

ERFM is a follow-on of a program called "Latent Defect Life Model & Data," which Hughes

Aircraft Company performed under contract to the Air Force during the period 1984-1986 (Ref.
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1-3). The conclusions and recommendations of that investigation led to the ERFM program,

which Hughes performed under contract to the Air Force during the period 1987 - 1991 and

which is documented here.

The life prediction technique demonstrated in the ERFM program will be used in future

equipment acquisitions under thee Avionics/Electronics Integrity Program (AVIP) by the Air
Force (Ref. 1-4). Additionally it will peimit an equipment manufacturer to translate reliability
requirements to levels of quality, and appropriate manufacturing methods. These shall be

expressed in terms of needed material properties and defect characteristics in the shipped

product.

1.2 OBJECTIVE
The objective of the Electronics Reliability Fracture Mechanics (ERFM) program was to

develop and demonstrate a life prediction technique for electronic assemblies, when subjected to
environmental stresses of vibration and thermal cycling, based upon the mechanical properties of
the materials and packaging configurations which make up an electronic system.

1.3 ORGANIZATION OF THIS REPORT
The ERFM program is documented in a two-volume report:

Volume 1, Causes of Failures of Shop Replaceable Units and Hybrid Microcircuits

(WL-TR-92-3015), covers a detailed study of field failures in two APG-63 Shop Replaceable

Units (SRU), evaluation of the latent defects hidden in these SRUs fresh off the production line,
development of analytical models for hybrid microcircuit contamination failure mechanisms and

special combined environment reliability test on the selected SRUs.

Volume 2, Fracture Mechanics (WL-TR-91-3119), covers the technical efforts to investigate

the feasibility of using existing fracture mechanics technology to analyze the durability of

microscale elements typically used in modem electronics.

Papers summarizing several aspects of the program have been presented at symposia. They

are cited in the respective sections of this report.
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2.0 SELECTION OF SHOP REPLACEABLE UNITS
(SRUs)

2.1 INTRODUCTION
The most commonly available data about field failures in deployed avionic equipment is part

replacement data. This data gives a good indication of what was replaced to make the item

functional again but does not give any insight as to why the item failed. Therefore, two shop
replacement units (SRUs) were selected for a detailed study to identify the specific failure modes
and mechanisms inducing deployment failures.

2.2 DESCRIPTION OF SELECTED SRUs
The two SRUs shown in Figures 2-1 and 2-2 were selected for use in this study. These SRUs

were the most practical selection based upon the selection process outlined in section 2.3. This

selection process balanced competing factors such as specimen availability, technical
requirements, and cost to conduct failure analysis.

The SRUs are in the Programmable Signal Processor (PSP) (3137042) Line Replaceable Unit
(LRU) of the Hughes AN/APG-63 Radar for the F-15 aircraft.

The 2102 module is a digital module consisting of two printed wiring boards (PWBs) bonded
to a heat exchanger, through which coolant air flows. The dominant part type is an integrated
circuit flatpack. The leads are formed in a "gull wing" shape and soldered to the surface of the
PWB. A flow-under thermal transfer adhesive is applied under the parts.

The configuration of the Timing and Control Module changed from P/N 3562102 to

3562102-5 approximately July 1980 at APG-63 Radar Set 628 and subsequent. The change from
P/N 3562102 to 3562102-5 added four jumper wires and a diode to reduce noise spikes and to
increase the amplitude of the Blanking Pulse. The P/N 3562102 SRUs that were in Radar Sets

561 through 627 were upgraded to the -5 configuration (Radar Set 561 was the initial APG-63
Radar to use the 042 LRU). Thus all the Timing and Control Modules in the field, as well as
those currently in production, are the -5 configuration.

The 9800 module is an analog module consisting of a PWB bonded to a heat exchanger,

through which coolant air flows. The parts having the major contributions to failures are three
hybrid microcircuits (denoted U1, U2, and U3 in Figure 2-2) and a power transistor (Q1).

The configuration of the Linear Regulator Module changed from P/N 3569800 to 3569800-10
approximately October 1984 at APG-63 Radar Set 918 and subsequent. The change from P/N
3569800 to 3569800-10 added two capacitors (C16 and C17) to provide additional filtering for
the +12 VDC power form. The -10 configuration was not retrofitted to earlier sets. Thus the
older sets in the field differ slightly from those currently in production. However, the differences
are insignificant for ERFM.
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SIDE 1

SIDE 2

Figure 2-1. Timing and Control (2102) Module
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PRINTED WIRING BOARD

HEAT EXCHANGER (DISSIPATOR)

Figure 2-2. Linear Regulator (9800) Module. The Three Large
Square Components are Hybrid Microcircuits Ul (Upper Right),

U2 (Lower Right), and U3 (Left).
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2.3 SELECTION PROCESS
The SRU (shop replaceable unit) determination was conducted from May 1987 to June 1988.

The process started with the selection criteria listed below:

" An Air Force program

* Presently in production

" Currently in operational usage in an Air Force aircraft

" Majority of failures induced by vibration and thermal cycling.

After looking at several programs, a variety of component types on SRUs and hardware
availability were added to the criteria list.

2.3.1 Program Selection
Four Hughes production programs were considered. They are ASARS, AMRAAM, APG-63,

and APG-70. The ASARS and AMRAAM programs, which have very low production rates,
would not provide the field data and SRU availability required by the ERFM program. The

APG-70 program was in early production. Only a few operational radar sets were in the field.
The requirements would be very difficult to satisfy because of APG-70 level of maturity; the

acquisition of field data and failed parts/assemblies would present major problems for the ERFM

program. All APG-70 repairs were being accomplished at Hughes under an interim contractor
repair contract, and the USAF did not expect to have an organic depot capabiliy. before 1991.
Hughes continued to produce APG-63 spares for the USAF with delivery of current orders

extending into late 1989. There's an abundance of APG-63 field data available, and the USAF
has a fully established depot repair facility for this system. APG-63 failed parts and assemblies

for destructive and nondestructive analysis will be easier to acquire than APG-70 parts, and the

availability of test equipment for use during testing will also be more accessible. Based on these
facts, APG-63 was selected as the program to pursue in the determination of the SRUs for the

ERFM program.

2.3.2 Unit Selection
Several SRUs were identified as having the "majority of its failure rate induced by the

environmental stresses of vibration and thermal cycling effects." Historically, the digital and
power supply SRUs have been much more susceptible to vibration and thermal cycling than the
RF modules in the Receiver-Exciter LRU. In production in the factory, the Receiver-Exciter Unit
on the APG-70 program is not subjected to LRU aging (thermal cycling and vibration) as are the

processor LRUs.
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Though state-of-the-art technology was not one of the items listed for consideration, this

consideration will enhance the usefulness of the results of the ERFM Program.

Considering all of the above-mentioned items and comparing APG-63 and APG-70 LRUs,

the Programmable Signal Processor was chosen. The PSP (3137042) LRU has the most current

technology of the APG-63 LRUs, i.e., Standard Avionic Modules (SAMs). The PSP digital and

power supply modules more closely resemble the comparable modules in the APG-70 LRU

(3173044) than any other APG-63/APG-70 comparison.

2.3.3 Module Selection
Data were analyzed from the in-house environmental stress screening records and the system

acceptance test data base at Hughes Aircraft Company (see Table 2-1). Other data sources

included field maintenance actions collected on the Air Force 66-1 data base over a 5-year period

(see Table 2-2), and the Avionics Depot Test Set at Warner Robins Air Logistics Center

(WR-ALC) in Georgia (see Table 2-3). These data indicate the relative failure rates of candidate

042 modules, as well as their susceptibility to thermal cycling and vibration. To achieve the

program objectives, it was desirable that the selected modules had relatively high failure rates,

although it was not a requirement to select the highest failure-rate modules or those most

susceptible to thermal cycling and vibration.

There is a subtlety in the data shown in Table 2-1. The environment being imposed when the

failure was detected is listed. This is not necessarily the environment that caused the latent defect

to grow into a failure. However, the data shown in Table 2-1 are adequate to establish the

relatively susceptibility of the modules to environmental stresses.

TABLE 2-1. VIBRATION AND THERMAL CYCLING FAILURES OF 042 MODULES

Unit Aging System Bum In

Sample
Part Number Low High Ambient Low High Ambient No.

3523103 16 6 2 0 4 0 353

*3523108 61 6 6 4 7 4 353

3523125 12 1 1 1 2 3 304

*3562100 41 9 9 4 5 7 353

*3562102 18 6 17 3 4 10 353

3562107 0 0 18 0 1 5 353

"3569800 6 7 3 4 1 0 353

Finalist
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TABLE 2-2. FIELD FAILURE HISTORY OF 042 MODULES

Intermediate
Part Number Maint. Actions *MFHBMA (Hrs)

3523103 27 13,114

3523108 55 6,438

3523125 522 2,713

3562100 26 13,618

3562102 118 3,001

3562107 53 6,681

3569800 51 6,943

-Sample taken over 5 years and 354,073 flight hours

TABLE 2-3. WR-ALC REPAIR DATA FOR 042 MODULES

No. of
Part Number Description Period Repairs

3562100 Control Interface Sep 81 - Oct 87 48
(73 Months)

3523108 Program Memory and Control Jul 81 - Dec 87 95
(77 Months)

3562102 Timing and Control Aug 81 - Dec 87 245
(75 Months)

3569800 Linear Regulator May 86 - Oct 87 88
1 1 __ 1(17 Months)

A preliminary analysis of the field maintenance actions and in-house environmental stress
screening and acceptance test records narrowed the module selection to four candidates. Listed
by part number, they were 3523108, 3562100, 3562102, and 3569800 (see Table 2-1). Upon
further analysis of Warner Robins Air Logistics data and the Air Force's ability to support the
ERFM program with failed field assets, the Timing and Control Module (P/N 3562102) and the
Linear Regulator Module (P/N 3569800) were selected as the best repre.entative modules to
meet the criteria established above. They represent the best variety of component types and latest
technology with available hardware to support this program.

2.4 VERIFICATION OF THE SELECTION

Following the initial decision, efforts were devoted to evaluating the feasibility of
implementing these SRUs into the program requirements. Specific emphasis was placed on the

following aspects:

1. Definition of the SRU fabrication and testing cycle to define entry points for item
evaluation in the build cycle.
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2. Identification of test equipment to support CERT testing.

3. Identification of additional failure data to supplement previous data analysis findings.

4. Receipt from the USAF depot at WR-ALC, processing and analysis of unserviceable
SRUs (10 each P/N 3562102 and P/N 3569800).

Each of these aspects was analyzed and assessed to determine its impact on the selection of
the two SRUs. Essentially, we evaluated the adaptability of two selected SRUs to program
follow-on tasks.

2.4.1 Review of SRU Fabrication Process
The two SRUs selected are currently in production in different Hughes manufacturing areas.
The 3562102 Timing and Control Module is fabricated and tested at the contractor's

manufacturing facility in El Segundo, California. This will permit ready access to evaluation by
ERFM personnel during the various phases of fabrication and test.

The typical fabrication process for digital modules consists of (in sequential order):

1. Manufacture of the Printed Wiring Board.

2. Bond the PWB to the Heat Dissipator/Manifold (P/N 3562150-25 PWB Assembly).

3. Airflow test of the PWB Assembly.

4. "Kitting" of the PWB Assembly and the applicable components into a Manufacturing
Kit. This Kit is then usually put into a bonded store room and released to be assembled
at a later date.

5 Mount components (mechanized assembly) and operator review.

6. Mount components (manual assembly) and operator review.

7 Assembly (Module) Conditioning. This is a 23-hour test that consists of changing the
temperature from -60 degrees (C) to +95 degrees (C) at the rate of 15 degrees (C) per
minute.

8. First functional test (test TI ) and subsequent rework.

9. Second functional test (test T2) and subsequent rework.

10. Inspection of SRU by PA/QA function.

11. Bond components and parylene coat the SRU. Inspection of bond and parylene coat.

12. Inspection of SRU by PA/QA function.

13. Power On Screening.

14. System Bum In.
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The 3569800 Linear Regulator Module is kitted (parts assembled for build) in El Segundo,

California, forwarded to the contractor's facility in South Carolina for assembly, and returned to
El Segundo, California, for final processing and test. The fabrication process is as follows:

I. Manufacture of the PWB.

2. Bond the PWB to the Heat DissipatorManifold (P/N 3569805-1 Regulator
Subassembly).

3. Airflow test of the Regulator Subassembly.

4. "Kitting" of the Regulator subassembly and the applicable components into a
Manufacturing Kit. This Kit is then shipped to Hughes-South Carolina for assembly.

All required test (including Assembly/Module Conditioning), rework, and inspection is
performed in South Carolina. Bonding components and parylene coating the SRU, as
well as inspection of bond and parylene coat, are also performed in South Carolina.

5. Return of the complete SRU to Hughes-El Segundo.

6. Power On Screening.

7. System Bum In.

ERFM personnel have determined that this flow of hardware during fabrication will not

impede the ability to inspect hardware in conjunction with program plans.

The 3569800 SRU uses three hybrids (two part types). These hybrids are built by numerous

vendors, including Hughes. It would be simpler to inspect the hybrids during their fabrication if

they are made by Hughes than if they are made by another vendor. Thus having Hughes as a

qualified supplier for these key parts is an advantage of selecting this SRU. It appeared that the

procurement of the hybrids for the two 9800 modules to be fabricated for ERFM can be directed

to Hughes. The hybrid suppliers will be investigated in more detail in Section 4.0.

Further planning will be required (Section 4.0) to determine the actual points of inspection of

hardware by ERFM personnel in the fabrication cycle. However, the conclusion reached in this

cursory evaluation is that the fabrication of both SRUs lends itself to ERFM program
requirements. There is no reason evident from the fabrication cycle evaluation to not select the

3562102 and 3569800 SRUs as candidates for this program.

2.4.2 Identification of Test Equipment
There will be a requirement to test both SRU types during CERT testing. Preliminary

evaluation of available test equipment used in production was made to determine impact on the

LRU selection process. Factors such as test equipment needs, availability and cost effectiveness

were evaluated.

The Timing and Control Module, P/N 3562102, is a digital device, which is tested at the

module level by general purpose digital test equipment operated with special software and
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interface adapters. This equipment is the DTS-70 Multipurpose Digital Tester built by Hewlett

Packard. This equipment is no longer procurable from the Original Equipment Manufacturer, nor

is there surplus equipment available for use by the ERFM program. In addition, the cost of this

or similar equipment does not lend itself to a cost effective approach to CERT testing. The most

cost effective approach appears to be selection of a Power On Screening Station to perform a DC

powered test of the 3562102 SRU. Although this testing is not an in-depth testing of the circuit

card, it does provide a means of powering this SRU in a CERT environment. Several options to

supplement this testing to provide in-depth digital testing are:

" Removing the digital module periodically for electrical testing at ambient using the
manufacturing DTS-70 tester.

" Removing the digital module periodically for electrical testing while slaved in an 042 LRU
subjected to high and low temperature in an environmental chamber.

• Periodically uncovering the digital module while at high/low temperature and quickly
monitoring it for signs of failures by means of infrared thermography and/or holographic
interferometry.

These options appear feasible and will be explored in detail in Section 6.0. Thus powering

and monitoring present a problem with the digital module. It would be the same problem with

any digital module, not just the 2102. It does not appear to be so difficult a problem as to

"deselect" a digital module for ERFM.

The Linear Regulator Module, P/N 3569800, is an analog device, which is tested at the

module level by the Linear Regulator Test Station. This station is used in manufacturing and has

the capability to test other F-15 Radar modules. This test station will perform a complete

functional test of the Linear Regulator Module and can be used in conjunction with CERT

testing. Future tradeoffs planned for follow-on taks are the evaluation of using this Linear Test

Station with stripped down capability (ability to test only P/N 3569800) or designing a

comparable test setup with general purpose test equipment. With either approach, there appears

to be the capability to CERT test this module with adequate test equipment capability. These

options will be explored in detail in Section 6.0.

2.4.3 Failure Data Analysis

The initial selection of the Timing and Control Module, P/N 3562102, and the Linear

Regulator Module, P/N 3569800, was based on specific manufacturing history data and data

provided from field failures. Since the initial selection decision, activity focused on obtaining

supporting documentation that can be used in the life modelling process. All available sources of

data were evaluated for application to program needs.
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The USAF 66-1 data base was used in the initial selection process to confirm that both SRUs

experience a relatively high frequency of failure that can be useful to ERFM program

requirements. AFM 66-1 data provide the relative failure rate between Programmable Signal

Processor SRUs but do not provide the detailed information necessary to draw conclusions

regarding the cause of failure. Necessary information such as temperature, vibration, printed

wiring board integrity and soldering problems are not available nor reported in the AF system.

The evaluation of Material - eficiency Reports was suggested by the AF as another possible

source of field failure data. This source was not pursued as such data are very general in nature

and do not contain documentation pertinent to the needs of this program. This decision was

made by ERFM personnel after consultation with F-15 Radar Program personnel knowledgeable

of MDRs and their content.

The primary source of data that is relatable to environmental screening, parts failure, PWB

and soldering problems is manufacturing records. For each failure experience during various

cycles of manufacturing test, an internal document called a Trouble and Failure Report (TFR) is

used. TFR information is incorporated in a database for access by F-15 Program personnel.

Initial documentation from TFRs was assembled for a selected group of SRUs in the

Programmable Signal Processor Unit. This listing included the Timing and Control Module

(3562102) and the Linear Regulator Module (3569800) to show that these SRUs are indeed

candidates for the ERFM program. Recent data analysis efforts were devoted to looking in-depth

into this data base and to evaluating all known failures of these two SRUs. New data from

modules produced for spares and retrofit kits were included in this upgraded effort. The

breakdown of this data shows the distribution of failures of these modules by parts, solder

connection and other categories. In addition, this analysis effort was able to provide

supplemental information regarding module failures at low, high and ambient temperature.

These data are shown in Appendix A.

Another source of manufacturing data was uncovered. This was a report recently initiated in

manufacturing to reflect any failures of modules during the various test cycles from module level

through system level test. Data in this report duplicate TFR information (unit and system level)

and add only module test information. This module information primarily reflects parts and

workmanship problems in initial testing of modules following assembly. These data, since

recently recorded, reqlect only a sample of data and as such are of limited value to the ERFM

program.

From the standpoint of SRU selection, there is no reason to change SRUs due to failure data

considerations.
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2.4.4 Analysis of Unserviceable SRUs
To supplement the analysis of failure data, an agreement was reached with Warner Robins

Air Logistics Center (WR-ALC) to provide unserviceable (suspected failure) SRUs to the

contractor for evaluation (see Section 3.0). Warner Robins agreed to provide 10 each of P/N

3562102 and 3569800 for failure analysis by the contractor. As of June 1988 (the date of the

final SRU recommendation by Hughes to the AF), two each 3562102 and two each 3569800

SRUs had been received for evaluation. All four SRUs were fault isolated to defective

component parts. Detailed analysis of soldering, printed wiring boards and failed components

was in process. The verification of the suspected failures of the first two 2102 modules and the

first two 9800 modules to be analyzed by Hughes provided more evidence that these SRUs are

appropriate choices for the ERFM program. (The analysis of unserviceable SRUs, which was

completed in 1989, is described in Section 3.0.)

2.5 CONCLUSIONS
The program should be the F-15 Radar APG-63, based on program maturity and asset

availability. The APG-63 program also satisfies the SOW criteria that the selected program be an
"Air Force program," "in production" and "currently in operational usage."

The LRU should be the Programmable Signal Processor because it most closely resembles

the newer APG-70 signal processor from a current technology standpoint.

The SRUs should be the Timing and Control Module (P/N 3562102) and the Linear

Regulator Module (P/N 3569800). Both modules satisfy all the selection criteria established

above. They both come from Air Force programs that are currently in operational usage, their

failures are predominantly induced by the environmental stresses of vibration and thermal

cycling, they offer the latest technology and variety of component types, and there are sufficient

field data and available hardware to support further analysis and review.
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3.0 FAILURE ANALYSIS OF FAILED FIELD SRUs

This investigation is summarized in Ref. 3-1.

3.1 SUMMARY
Nineteen (19) shop replaceable units (SRUs) of the APG-63 radar that experienced failure in

the field were subjected to detailed failure analysis. In all cases analysis was initiated at the
module level by Hughes prior to any repair work being performed by the depot. Nondestructive

techniques were utilized to verify failures and to isolate the failure to an integrated circuit, a
hybrid, the printed wiring board (PWB), or an interconnect. In all cases in which a failure was
verified, a hybrid or IC was found to be the cause. The component was then removed and a

detailed failure analysis was performed. Of the 19 SRUs received as field failures for analysis,
7 tested good when received and were returned without further analysis; 10 had components
removed and analyzed following failure isolation; and 2 had components removed following

failure isolation, but the failures could not be verified following removal. Failure mechanisms
identified include electrical overstress, physical damage, oxide insulation defect, short due to
particle, and contamination. These results were employed to help select the failure mechanisms

for modelling in this program.

3.2 INTRODUCTION

3.2.1 Approach
Failure data were located and collected, and failed field modules were analyzed. The sources

of failure data are listed in Table 3-1.

TABLE 3-1. SOURCES OF FAILURE DATA

e FAILURE DATA ANALYZED

FIELD

FACTORY

RADC PART FAILURE ANALYSIS

0 FAILURES ANALYZED BY PROGRAM TEAM

FAILED SRUs FROM FIELD

UP TO 20 PROVIDED BY AIR FORCE

SUPPLIED BY WARNER ROBINS AIR LOGISTICS CENTER
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3.2.2 Analysis of Available Failure Data

Field data from Warner Robins Air Logistics Center (WR-ALC) and from the USAF 66-1 data
base were examined. Neither of these sources provides the detailed data required for the ERFM
program. They list parts removed, not verified failures. They do not state how or when failures
occurred or the mechanism of the failure.

Another source of field data - Material Deficiency Reports (MDR) - was suggested by the
Air Force at the quarterly walk-through talk-through presentation in May 1988. The ERFM
program team is familiar with MDRs, and MDRs do not have the data needed for ERFM.
Therefore, Hughes did not analyze MDRs.

Factory data in the form of Trouble and Failure Reports (TFRs) were examined. They do not
show the detail needed for ERFM. Environmentally related failures are documented only for the
Line Replaceable Unit (LRU), not the SRU.

Another source of manufacturing data - Module Test Results (MTR) - was uncovered. This
is a report recently initiated in manufacturing to reflect any failures of modules during the
various test cycles from module level through system level test. Data in this report duplicate
TFR information (unit and system level) and add only module test information. This module
information primarily reflects parts and workmanship problems in initial testing of modules
following assembly. The data, since recently recorded, reflect only a sample of data and as such
were of a limited valh... *r. the ERFM program.

RADC part failure data are another source which was examined and did not prove fruitful.
RADC is under contract to WR-ALC to perform failure analysis of specific failed parts.
However, none of these part types is used in the SRUs selected in the ERFM program.

The conclusion from analyzing the available failure data is that these data are not adequate
for the purposes of ERFM. Because of the scarcity of detailed failure data for the selected SRUs,
the field failures analyzed by the program team became more important for identifying the
locations and causes of failures.

3.2.3 Organization of Section
The remainder of this section describes the analysis by the program team of failed field

SRUs. Section 3.3 describes the flow of hardware. Section 3.4 describes the analysis techniques
used. Section 3.5 describes the results of the individual failure verifications and analyses.
Section 3.6 describes the overall results. Section 3.7 presents the conclusions derived from this
investigation. Section 3.8 presents recommendations for further work. Section 3.9 lists the
failure mechanisms selected on the basis of these results for modelling in this program.
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3.3 FLOW OF HARDWARE

3.3.1 Source of Hardware
Warner Robins Air Logistic Center (WR-ALC) is the Air Force Logistic Center that is

responsible for the SRUs selected for this study. An agreement with WR-ALC, as outlined in

Table 3-2, was established for the timely flow of failed SRUs for use in this study.

TABLE 3-2. AGREEMENT WITH WR-ALC

* UP TO 10 EACH OF 2102 AND 9800 SRUs

" ONE EACH AT HUGHES AT A TIME

" NOT TESTED OR REPAIRED BY Wk-ALC

" WR-ALC NOT TO SEND "HANGAR QUEENS" OR "DOGS"

" HUGHES NOT TO DESTRUCTIVELY ANALYZE BOARDS

" HUGHES MAY REMOVE AND DESTRUCTIVELY ANALYZE PARTS

3.3.2 Flow of Hardware within Hughes

Once the failed SRUs were received by Hughes, the Support Systems Organization, in Long
Beach, California, performed diagnostic testing on the modules to isolate the failure to a specific

component on the assembly. The timing and control module (P/N 3562102) first underwent a

unit level diagnostic test in which the module was monitored while installed in a PSP LRU

connected to a computer that simulated the other LRUs in an operating radar set. This test has

been found to accurately identify the cause of failure 75 percent of the time, assuming a failure

exists. If a failure was not indicated by the unit level test, a module level test was performed

under ambient, hot, and cold conditions while the module was monitored. If a failure of the

module still was not detected, the module was transported to the Hughes Radar Systems Group,

in El Segundo, California, for a critical timing test. If this test did not indicate a failure, the SRU
was returned to WR-ALC and a different SRU was requested.

The unit level test performed by Support Systems on the linear regulator module (P/N

3569800) allowed for testing of the module at hot and cold temperatures, as well as at ambient,
by way of a heat gun and cold spray. This test has shown itself to be 98 percent effective in

identifying cause of failure when a failure exists. If the SRU passed this test, module level
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testing was performed at Radar Systems Group. If the module passed all tests, it was returned to

Warner Robins Air Logistics Center and a different SRU was requested.

Once a failure was isolated on either of the two types of SRUs, the module would be

transported to the Technology Support Division (TSD) of Hughes, El Segundo, California. TSD

would verify the failure and, through functional testing and continuity checks, determine if the

failure was caused by a fault in a device, the circuit board, or an interconnect/solder joint.

3.3.3 Return of Hardware

Following failure verification and fault isolation by TSD, the SRU was returned to Support

Systems to be shipped to WR-ALC. In the case of an IC or hybrid device being identified as the

cause of failure, the component was removed and sent back to TSD for detailed analysis before

the module was returned to the Air Force.

3.4 FAILURE ANALYSIS TECHNIQUES

As described in the previous section, the SRUs were first evaluated by Support Systems and,

if necessary, RSG to isolate the cause of the failure. Once that was accomplished, the module

was delivered to the TSD Failure Analysis Group for investigation. Following is a brief

description of some of the methods used in the analysis of failed components to determine the

cause of failure or failure mechanism (Refs. 3-2 through 3-4). This is meant to be a

representative list of the many techniques applied in the analyses to be described. Some of the

analyses may not have required the use of all of these techniques, and some may have

incorporated others not discussed here.

3.4.1 Analysis of Modules by TSD

Prior to component failure analysis being initiated, TSD performed both failure isolation and

verification on each module. The following sections describe this process.

3.4.1.1 Failure Isolation

Failure isolation is first performed th the module completely intact. Repeated tests at

lower and lower levels of integration are performed until the failure is isolated to the component

level. Once isolated, the failed component is removed from the module. The suspect component

is then delivered to the Failure Analysis Group for analysis.

3.4.1.2 Failure Verification

Once received by TSD, failed component electrical characteristics are examined. The initial

examination is performed at very low current levels (10 microamps maximum). This ensures

that the failure will not be exacerbated and that new failures will not be induced. Typically, a
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curve tracer is used so that the exact shape of the current-voltage curve can be seen and

documented.

Later, extensive parametric tests and functional tests are performed per the specification.

This will detect any anomalous behavior by the part. Additional specially designed tests may be

needed to fully characterize the failure.

Once the failure is fully characterized electrically, the analysis can proceed to other

techniques.

3.4.1.3 Evaluation of Other Inspection Techniques

In addition to electrical methods of verifying and investigating failures, some recently

developed nondestructive inspection (NDI) techniques were evaluated for application to the

ERFM analyses. The techniques evaluated included digital X-ray laminography ,nd holographic

interferometry. Digital X-ray laminography was evaluated for its potential to radiographically

differentiate between the front and back sides of the two sided timing and control module.

Holographic interferometry was considered for use in identifying flawed solder joints and PWBs

on the failed assemblies.

A requirement of Hughes' agreement with Warner P.obins was to return the modules in

repairable condition. To be certain that the components were not being affected by the radiation

dose from the X-ray procedure, Dr. M. Reier of Hughes performed a review of the components,

with respect to their radiation hardness, and also determined the total dose received by the

components. The results of this review, documented in Appendix B, indicated that the radiation

dose experienced by the components was well below the threshold for any potential damage.

The digital X-ray laminography technique evaluated was a film based me, lod, which

digitized films taken of the subject at eight different angles and then reconstructed a series of

planar images representing the entire thickness ot the sample. This approach failed to produce
reconstructed images of sufficient resolution to evaluate the desired features of the

microelectronic assembly. Other nonfilm based methods for performing laminography, which

directly digitize the images and use more accurate handling systems, may ultimately provide

better resolution.

Holographic Interferometry (HI) has been shown to be effective in evaluating PWB

assemblies (Ref. 3-5). However, after closely evaluating the technique and the type of results it

offered, it was decided that detailed visual inspection of the modules could yield most of the

same results. HI appears to be better suited to a process control or production inspection role
where relatively large numbers of assemblies can be evaluated in an automated or semi-
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automated fashion. HI of a small number of modules, one or two at a time, would not have been

cost effective.

An investigation also was made of the feasibility of identifying ionic contaminants

responsible for hybrid microcircuit failure due to mobile ionic contamination. A technique for

doing this using Auger Electron Spectroscopy (AES) has been developed and used successfully

on various glasses which are used in nonelectronic applications(Refs. 3-6 through 3-8).

However, the technique requires cooling the sample to liquid nitrogen temperatures, and the

question remains as to whether or not AES would have sufficient sensitivity to detect the low

levels of ionic contamination which can cause inversion in semiconductor devices. For these

reasons development of the technique for application to microelectronic components was not

deemed to be warranted.

3.4.2 Component Failure Analysis

A "typical" failure analysis for an integrated circuit or transistor is described below. This is a

general flow, and not all steps may be required and they may not be performed in the exact order

as listed. Each failure analysis is different. Data learned at any step may lead to changing the

order of testing, adding tests, or repeating tests.

3.4.2.1 External Visual Examination

Perform external visual examination and photodocument markings and anomalies.

Purpose: To detect conditions external to the package that may contribute to the failure.

Looking for: Cracks in leads, frit and solder connections, solder bridging, voids in frit,

scratches, contamination at seals and solder surfaces, broken leads, and incorrect part type (as

indicated by markings).

Risk: Nondestructive. No risk.

3.4.2.2 Electrical Testing

Electrical tests would be performed in three steps: curve tracer testing, functional/parametric

testing per specification, and specialized testing as required.

a. Electrical Testing - Curve tracer (current-voltage) testing.

Purpose: To characterize (nondestructively) the pin-to-pin electrical characteristics of the
device.

Looking for: Shorts, opens, leakage currents, low breakdown voltage, breakdown curve
shape, walk-out.

Risk: Minimal.
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b. Electrical Testing -Automated functional and/or Bench testing.

Purpose: If no problems were found with the curve tracer, to determine if device is out of
specification with respect to •rametric specifications and function.

Looking for: Conformance to parametric specification conformance to output truth table;
temperature dependence of failure.

Risk: Potentially destructive in that ATE test voltages may cause failure to clear or may
cause a borderline failure to degrade. However, initial curve tracer tests will minimize
this risk.

c. Specialized Testing

It may be necessary to use tests beyond what is called out in the specification to fully
characterize the failure, or to gather data on possible causes oi the failure. These may
include unusual biasing, temperature, temperature cycling, vibration, and others
singularly or in combination.

3.4.2.3 Particle Impact Noise Detection (PIND) Test

Purpose: To detect loose particles inside the package.

Looking for: Presence of particles inside package cavity that may have caused short.

Risk: Nondestructive to the IC die. It may dislodge shorting particles and cause loss of the
failure. Electrical tests must be repeated if original failure was a short and particles are
indicated. Used in conjunction with X-ray examination.

3.4.2.4 X-Ray Examination

Purpose: To detect internal anomalies prior to delidding.

Looking for: Voids in die attach, open bond wires, misbonded bond wires, changes in
position of particles before and after PIND testing.

Risk: Nondestructive, however, has the potential to alter threshold voltages and other
electrical characteristics, if exposures are not limited.

3.4.2.5 Leak Testing

Purpose: To determine if hermetic seal has failed.

Risk: Potentially destructive because the test medium can be introduced into the package and
react with internal contaminants, thereby slightly altering the original failure.

3.4.2.6 Residual Gas Analysis (RGA)

Purpose: To determine the internal gas composition of the package.

Risk: Puncture of the package may damage the die by physical contact or the package may
be broken. Therefore, RGA is performed only when findings indicate that the internal
atmosphere of the device may be contributing to the failure (such as when moisture may be
involved).
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3.4.2.7 Internal Visual Examination

Purpose: To detect and photodocument visual anomalies.

Looking for: Incorrect wire bonding, evidence of high current in the bond wires, evidence of
manufacturing errors (masking errors, photoresist contamination, human spittle, etc.), melted
metallization, suboxide arc-overs, metallization voids and electromigration, die cracks, die
attach anomalies, loose or adhering particles.

Risk: Destructive to the package. Internal atmosphere can no longer be sampled if RGA was
not performed previously.

3.4.2.8 Internal Probing

Purpose: To test discrete circuit elements on the die.

Looking for: Electrical characteristics of individual suspect circuit elements, exact location
of shorts or leakage currents.

Risk: Potentially destructive or destructive. While careful probing can be performed in a
nondestructive manner, metal scribing used to isolate components changes the die circuit
configuration and may damage oxide layers.

3.4.2.9 Scanning Electron Microscope/Energy Dispersive X-Ray Analysis (SEM/EDX)

Purpose: To detect and photodocument anomalies not resolvable or observable by optical
examination. Analyze elemental content of materials in the device or contaminants on the
die.

Looking for: Anomalies too small to be seen under optical examination such as electrostatic
discharge (ESD) damage, metallization step coverage, and intermetallic compounds.
Elemental identification of contaminants and particles.

Risk: Potentially destructive because electron beam can degrade sensitive junctions. Areas
can become negatively charged and ionic sensitive mechanisms can be altered. Risk is
minimized by full electrical characterization prior to SEM examination.

3.4.2.10 Chemical/Plasma Layer Removal

Purpose: To remove glass and metallization layers one at a time, to view sublayers and
diffusions for anomalies and photodocumentation. This step would be repeated for each
layer until the anomaly or failure is found.

Looking for: Anomalies that had been hidden by upper layer(s).

Risk: Failure sites and/or normal function can be lost or altered.

3.5 SUMMARY OF FAILURE ANALYSES
During the course of this phase of the ERFM Program, 10 P/N 3562102 and 9 P/N 3569800

SRUs were received from Warner Robins Air Logistics Center for detailed failure analysis.

Detailed documentation is provided in the Failure Verification Reports (FVRs) and Failure

Analysis Reports (FARs). They were submitted to the AF as attachments to the Quarterly
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Interim Technical Reports (CDRL Sequence No. 3). The cover pages of the FARs are

reproduced here as Attachment C. The following provides a summary of each of the analyses

including the most significant findings which lead to the conclusion of the mechanism causing

each failure.

3.5.1 P/N 3562102

Ten Timing and Control modules, P/N 3562102, were received as SRUs that had reportedly

failed in the field. Of these, five passed all diagnostic testing at Hughes and were returned

without any further analysis being performed. Summaries of the five analyses performed on

devices removed from the Timing and Control modules which had confirmed failures are

presented below.

SIN 0593

The reported failure of this module, integrated circuit U2213 (54S04 Hex Inverter) pin 8

output shorted to ground, was verified at the time of the failure verification (FVR 4913). After

the device was removed from the module and submitted for failure analysis (FAR 11079) the

ground bond wire was found to be melted open.

Based on the results of this analysis, it was concluded that the pin 7 ground bond wire was

melted open, probably due to a reverse current between the time of the failure verification and

the time of the failure analysis. This failure is believed to be independent of the reported pin 8 to

ground short.

Although the original reported failure of this device, pin 8 shorted to ground, was not verified

in the failure analysis, close proximity of the pin 8 bond wire and an unpa-sivated ire- of the

ground metallization indicate a possible intermittent conductive particle short. The device

passed the PIND test, but during internal visual examination particles were found adhering to the

edge of the die that were large enough to bridge the gap between the underside of the pin 8 bond

wire and the adjacent unpassivated aluminum ground metallization. Possibly these or other

particles caused an intermittent short that was observed during the original failure and during the

failure verification. A small clearance between a bond wire and a ground metallization when

accompanied by loose conductive particles has been found to be a source of failure in other

devices in the past.

SIN 1003

Two integrated circuits, U1 101 and U1408, were analyzed from this SRU. The U1408

read-only memory was reported to have failed during module level testing; however, no failure

was found in parametric and functional testing. The reported failure of the U1 101 quad line

driver, 780-ohm short between pin 2 and ground, was verified. The probable cause of failure
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was application of an excessive voltage at pin 2 that exceeded the collector-emitter breakdown
voltage of the output transistor for this pin in the IC.

The appearance of this failure was nearly identical to that of the failure analyzed for S/N

1030 described below.

SIN 1010

The reported failure mode on the SRU, "no output on pin 15 of IC U2410, 54LS163A,
four-bit counter," was verified. Pin 15 was found to have incorrect breakdown voltages, which

indicated an electrical anomaly. The output transistor for pin 15 was shorted to another transistor

because an area of necessary oxide insulation was missing. This short prevented correct

transistor action and resulted in no output.

SIN 1015
The reported failure of IC U2414 (54S174, HEX D flip-flop) was mechanical damage to pin

15. Visual examination had revealed mechanical damage to the pin 15 output of this device.

The failure was verified visually and electrically and found to be due to external mechanical

damage to the lead at pin 15. All measurements indicated that pin 15 was functional, and that the

failure was caused solely by the break in the external lead.

SIN 1030
The reported failure of the U I101 quad line driver, "pin 2 shorted to ground," was verified.

The probable cause of failure of this IC was application of an excessive voltage at pin 2 that

exceeded the collector-emitter breakdown voltage of the output transistoc for this pin in the IC.
None of these five confirmed failures is relevant to ERFM. These results are evaluated

further in Section 3.6.

3.5.2 P/N 3569800
Nine Linear Regulator modules, P/N 3569800, were received as SRUs that had failed in the

field. Of these, two passed all diagnostic testing at Hughes and were returned without any

further analysis being performed. Summaries of the seven analyses performed on Linear
Regulator modules which had confirmed failures are presented below.

S/N 127

The reported module level failure of hybrid Ul (positive voltage regulator), "would not
power up at cold temperature," was not verified when the hybrid was removed from the module.

The device passed all tests at room and cold temperatures. The failure was observed originally

on the module when the hybrid was sprayed with "minute amounts of cold spray." The failure

could not be duplicated in failure analysis of the component.
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SIN 300

The module level failure reported by Support Systems, "the output of hybrid U2 (negative
voltage regulator) is -12.58 volts D.C., when it should have been -12.0 ±0.25 volts D.C.," was
verified. Electrical tests after the hybrid was removed from the module indicated that the V09

and VO I1 output voltages of the hybrid were unstable and were out of tolerance. Both output
voltages were approximately the same and varied between -12.63 and -12.71 volts D.C. The

V09 and VOl1 voltages both should be from -11.94 volts D.C. minimum to -12.06 volts D.C.
maximum according to the hybrid specification. Curve tracer measurements indicated that the
output voltages were out of tolerance due to the 2.5 Kohm ±1% resistor between pins 21 and 24

being out of tolerance. The measured resistance was 2.3 Kohms; it should have been between
2.475 Kohms and 2.525 Kohms. The voltages (V09 and VO 1) came within tolerance when a

200.0-ohm resistor was connected via probing in series with the 2.3 Kohms. Both output
voltages also came within tolerance after the hybrid was baked for 23 hours at +125'C due to the

2.5 Kohm ±1% resistor changing from 2.3 Kohms to 2.55 Kohms. After baking the hybrid for 23
hours, the hybrid was powered up for 36 hours to determine if the VO 1I output voltage would
again go out of tolerance. Voltage measurements indicated that the VO 11 voltage remained
within tolerance and was -11.999 volts D.C. after the 36 hours of operation.

Therefore, the analysis indicated that the hybrid failed due to the V09 and VO I1 output

voltages being out of tolerance because of the 2.5 Kohm ±1% resistor between pins 21 and 24

being out of tolerance. The cause of the resistor being out of tolerance and the resistance

changing during the baking of the hybrid is believed to be due to contamination too subtle to

detect, since no obvious physical defects were noted on the resistor during internal examination.

The hybrid may have been contaminated during manufacturing since it passed the hermetic seal

tests at the start of the failure analysis.

S/N 344

Initial module level testing indicated that hybrid U3 (negative voltage regulator) failed to

meet the -5.3V output requirement. However, during failure verification with all hybrids still on

the module it was found that hybrid U2, not hybrid U3, was regulating incorrectly. With the

module powered up, the outputs of voltage regulator hybrids U2 and U3 were monitored (-12

volts and -5.3 volts, respectively) while the following electrical tests were performed on the

module:

* Continuous operation at room temperature (5-1/2 hours)

* Continuous operation at 50*C (2 hours)

" Temperature cycling from 25*C up to 55°C (3 cycles).
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The output of hybrid U2 was observed to drift briefly during the continuous operation at

room temperature and at 50*C. In each case the output drift lasted for approximately 2 minutes

before stabilizing at the specified voltage (-12 volts). Temperature cycling the module caused

the output of U2 to drop down to -11.3 volts during the first cycle and continue at the reduced

voltage for the remainder of the test. The output of U3 did not change during any of the tests.

Based on the observed inconsistency of the regulated output of hybrid U2, the most likely

cause of the reported failure of U3 was complete loss or significant reduction of its -12 volt input

from U2. Hybrid U2 was then removed from the module for failure analysis. The -12-volt

output of the hybrid drifted occasionally during the first hour of 3 hours of continuous operation

at room temperature before stabilizing. Continuous operation at elevated temperatures (50'C and

60'C) and temperature cycling (-25'C to +60*C) did not reproduce the failure. The device

passed particle noise impact detection (PIND) and hermeticity tests performed in accordance

with MIL-STD-883C. Residual gas analysis disclosed a water vapor content of 15,000 parts per

million (MIL-STD-883C allows 5,000 ppm max) and an atmosphere that was 97.5 percent

nitrogen inside the hybrid package. The internal visual examination and nondestructive bond

pull test did not disclose anomalies that would be related to the observed failure mode. Since the

hybrid package was hermetic and still retained the nitrogen atmosphere it was sealed in, the

failure was probably related to the excess water vapor sealed within the hybrid package at the

time of manufacture.

S/N 428

The reported failure, "shorted, positive voltage regulator, hybrid UI," was not verified. The

device passed all tests at room and high temperatures. The device was not a failure.

S/N 451

The reported failure, "negative voltage regulator, hybrid U2, does not regulate," was verified.

The characteristics of the regulator transistor and its driver transistor were observed to change

with time. Since the changing characteristics disappeared after a bake and since the two

transistors were optically very dirty, it was concluded that the failure was due to mobile ionic

contamination. It was concluded that the failure was due to either improper manufacture of the

transit ,ors or improper assembly of the hybrid.

S/N 502

The reported failure of negative voltage regulator, hybrid U2, output voltage too low, was

verified. The failure was caused by the 2.5 Kohm ±1% resistor changing to 2.1 Kohm. A 2-hour

bake at 125°C did not have any effect on the anomalous resistor value. However, after a number
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of months of storage in ambient conditions it was found that the resistor had returned to it

nominal value of 2.5 Kohm. Therefore, contamination in some form may have indeed been a

contributing factor to this failure. Further review indicated that the location and mode of failure

of hybrid U2 are the same as for the previously described failure of S/N 300.

SIN 555

The reported failure of negative voltage regulator, hybrid U2, "regulates at -2V," was not

verified, but the hybrid was found to be a failure for regulating at -15V when it should regulate at

- 12V ±0.06V. The characteristics of one transistor were found to change with time, but could be

returned to normal functioning by high temperature exposure. The same transistor was covered

with anomalous spots. This behavior pattern is typical of mobile ionic contamination.

The P/N 3569800 results are summarized below:

Failed Date Code
Component M aurr or SIN Failure Mechanism

127 None verified - -

300 U2 Solitron DC 8108 Contamination

344 U2 Solitron DC 8128 Unknown; probably
moisture related

428 None verified - -

451 U2 Solitron DC 8142 Mobile ionic contamination

502 U2 Hughes DC 8202 Contamination

555 U2 Hughes S/N 4607 Mobile ionic contamination

The key results are as follows:

" All the confirmed failures were m hybrid U2.

• Two each were:

- surface contamination
- mobile ionic contamination.

* The contamination failares were equally divided between Hughes hybrids and Solitron
hybrids, rulKng out an untypical group of failures resulting from a bad batch at a single
vendor.

* The date codes (in the years 1981 and 1982) may indicate that these failure mechanisms
did not proceed to failure until more than 5 years after deployment.
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3.6 RESULTS

3.6.1 Failure Analysis of Failed Field Modules
The results of the failure analyses of failed field SRUs are summarized in Table 3-3.

Approximately half (9 out of 19) of the modules reported as failed at WR-ALC either tested good

at the module level or had a verified failure not confined by subsequent failure analysis of the
device. This is typical of the results of failure analysis of this type of hardware. Thus the data

base consists of five confirmed failures of each module P/N.

TABLE 3-3. FAILED FIELD MODULES

RESULTS

PART SRUs FROM FAILURE NOT
NUMBER WR-ALC TESTED GOOD CONFIRMED CONFIRMED

3562102 10 5 5

3569800 9 2 5 2

3.6.2 Failure Mechanisms Found
Table 3-4 summarizes the results of the failure analyses of the 10 confirmed failures. All the

failures were in the active devices, rather than the solder joints or the printed wiring boards.
None was from mechanical fatigue (thermal cycling and vibration).

TABLE 3-4. RESULTS OF FAILURE ANALYSES OF CONFIRMED FAILURES

P/N 3562102
- 2 ELECTRICAL OVERSTRESS
1 BROKEN PIN
I OXIDE INSULATION DEFECT (NOT TIME DEPENDENT)
i SHORT IN INTEGRATED CIRCUIT ATTRIBUTED TO PARTICLE
NONE RELEVANT TO ERFM

P/N 3569800
- ALL IN HYBRID MICROCIRCUIT U2
2 MOBILE IONIC CONTAMINATIONS
2 SURFACE CONTAMINATIONS
1 UNKNOWN CAUSE

OVERALL FINDINGS
NO FATIGUE FAILURES
NO SOLDER JOINT OR PRINTED WIRING BOARD FAILURES
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3.6.3 Statistical Evaluation of Data
The objectives of this evaluation are to determine what conclusions can be reached from this

sample of five confirmed failures of each part type and what additional information would be

obtained from a larger sample.
To enable these results to be analyzed statisticrly, it is useful to put them in a form in which

they can be represented as a "yes/no" experiment. This is called a Bernoulli process.
The first form is obtained by asking the question, "Was the failure the result of the

exacerbation of latent defects in the equipment by environmental stresses?" (The basis of the
ERFM program and its predecessor, Latent Defect Life Model and Data, is that a significant

fraction of failures is from this mechanism.)
Table 3-4 shows that the answer is "no" for all of the P/N 3562102 failures. They appear to

be the result of misuse or rough handling (electrical overstress and broken pin) or latent defects
that do not become exacerbated by environmental stresses (oxide insulation defect and a particle
in an integrated circuit package).

Table 3-4 shows that the answer is "yes" for 4 out of 5 of the P/N 3569800 failures. The
other confirmed failure (S/N 344) is from an undetermined cause. The relevant failures result
from exacerbation of a latent defect (contamination inside a hybrid microcircuit) by
environmental stresses (electrical stress and steady high temperature).

The second form is obtained by asking the question, "Was the failure the result of thermal
cycling and/or vibration?" (This is the type of failure in the scope of the ERFM program.) None
of the confirmed failures was from these mechanisms.

It is desired to evaluate the fraction of the failures in the population for which the answer to
these questions is "yes." This is difficult to evaluate. However, the probability of obtaining
certain outcomes can be calculated as a function of the fraction of the population. From the
observed outcomes, the fraction in the population can then be inferred.

The probability P (X; n, P) of an event happening X times in n trials, as a function of the
probability P of the event happening in a single trial, is given by:

P(X; n, P) = nCX pX(1-P)P-x (3-1)
where:

nCX = n!/[X!(n-X)!]. (3-2)

For 5 trials, the formula becomes:

P(X; 5, P) = [120/(X!(5-X)!)] PX(1-P)5-X. (3-3)

The probability P(O; 5, P) of an event happening zero times in five trials is given by:

P(O; 5, P) = (l-P)5. (3-4)
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The formulas for five trials are plotted in Figure 3-1. The plot shows the following:

" The probability of an event happening zero times in five trials is a strongly decreasing

function of the probability of the event happening in a single trial.

• If the probability of the event is greater than 0.2, it is more likely that the event will
happen one out of five trials than zero out of five.

" If the probability is greater than 0.4, it is more likely that the event will happen two out of

five trials than one out of five.

Applying these probabilities to the field failure data indicates the following:

" It is unlikely that thermal cycling and vibration are significant contributors to failures of
these modules. If, for example, 1/2 (50%) of the failures were from thermal cycling and
vibration, the probability of getting zero in five trials would be only 1/32 (3%). It appears

unlikely that much more than 20% of the failures are from thermal cycling and vibration.

* In the same way, it is unlikely that the exacerbation of latent defects by environmental

stresses is a significant contributor to failures of the P/N 3562102 SRUs. It appears

unlikely that much more than 20% of the failures are of this type.

* The exacerbation of latent defects by environmental stresses appears to be a significant

contributor to failures of the P/N 356900 SRUs. This is the cause or probably not much
less than 60% nor much more than 80% of the failures of the 9800 modules.

The effect of increasing the sample size is shown in Figures 3-2 through 3-4. As the number

of trials increases, the probability that X/n is close to P (the expected value of X/n) increases.

With a relatively small sample (n=16), the distribution of probable outcomes peaks around X/n =

P. However, Figure 3-4 shows that dozens of samples are required to achieve a high probability

that X/n will be very close to P. It appears unlikely that obtaining a larger sample size would

change the qualitative conclusions based on the sample of five.
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3.7 CONCLUSIONS
1. Failed field modules from the F-15 APG-63 Radar were obtained from Warner Robins

Air Logistics Center for failure analysis. There were five confirmed failures of each of
the two part numbers investigated. A statistical analysis of these failure data indicates
that the following qualitative conclusions can be reached:

A significant fraction of the failures of the analog module and a small fraction for the
digital module result from the exacerbation of latent defects by environmental stresses.
For the digital module none of the five confirmed failures was from this result,
indicating that the fraction in the total population is probably not much more than 0.2.
For the analog module, four of the five confirmed failures are from this result,
indicating that the fraction is probably not much less than 0.6 nor much more than 0.8.

* These five analog modules were in deployment for more than 5 years before they
failed.

* The fraction of failures resulting from thermal cycling and vibration is small. Zero of
the five confirmed failures of each part type was from this result, indicating that the
fraction is probably not much more than 0.2.

" Increasing the sample size would provide more confidence in the precise values of
these fractions but probably would not change these qualitative conclusions.

2. Procedures for determining the cause of field failures of electronic assemblies in an
ongoing military program were developed and used successfully. The ERFM activity did
not impact the inventory of assets at WR-ALC. A small sample of failed modules was
sufficient. All SRUs analyzed were returned serviceable or with only the failed
component removed.

3. Standard failure isolation, verification, and analysis techniques were used. Recently
developed NDI techniques - digital X-ray laminography and holographic interferometry -
were evaluated and not selected for use. The conclusions regarding these techniques are
as follows:

" Digital X-ray laminography

- It has the potential to differentiate between the sides of a two-sided module.

- The radiation dose is well below the threshold for any potential damage to the
bipolar components on these modules.

- The film based method did not demonstrate sufficient sensitivity.

• Holographic interferometry

- For inspection of a small number of modules, detailed visual inspection is more cost
effective.
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Furthermore, identification of ionic contaminants responsible for component failure from

mobile ionic contamination was concluded to be impractical due to the difficulties of

performing surface analysis at liquid nitrogen temperatures.

3.8 RECOMMENDATIONS

1. Conduct an investigation like the one described here for hardware whose deployment
history can be tracked by serial number. This will ensure that the sample is random and
that the field failures are the first of each S/N. Several data bases having this capability
are available at Hughes, including that for the APG-70 radar developed under the Multi-
Staged Improvement Program (MSIP) for the F-15 aircraft.

2. Investigate nonfilm based methods for performing X-ray laminography.

3.9 FAILURE MECHANISMS SELECTED FOR MODELLING
The following failure mechanisms were selected for modelling in this program:

* 1. Hybrid microcircuit failure from mobile ionic contamination

* 2. Hybrid microcircuit failure from surface contamination

3. Bond wire fracture

4. Plated through hole fracture

The contamination modelling is described in Section 5.0. The fracture modelling is

described in Volume 2.

Observed in SRUs examined in this program
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4.0 SPECIAL FABRICATION/INSPECTION

This section is summarized in Ref. 4-1.

4.1 SUMMARY
This section presents the results of Hughes' plan for the special fabrication and inspection in

Task IX of two Timing and Control (2102) modules and two Linear Regulator (9800) modules

on the Hughes APG-63 Radar production line. This section of the report describes how Hughes

inspected these modules during the production process so that the location and size/severity of

each of the significant latent defects would be known or at least bounded within known limits.

The following features of the module fabrication are discussed:

" The locations in the modules for special nondestructive inspection (NDI) were selected
with the aid of failure data from the ERFM program and previous investigations. The
locations are:

- inside the hybrid microcircuit and the prepackaged semiconductor parts

- the heat dissipator

- the bond between the printing wiring boards (PWBs) and the heat dissipator.

" The standard NDI techniques applied as well as holographic interferometry.

• Procedures established to ensure that the identity of the four specially fabricated modules
was maintained during the production process.

• The steps taken to ensure that the hardware quality is representative of that resulting from
the normal production process.

" Allowance for the finite yield of parts during the production process, so that all the
semiconductor parts on the four specially fabricated modules will have undergone the
special NDI.

* The Hughes factory and hybrid microcircuit vendor special handling requirements for the
ERFM modules.

" Results of the special NDI.

4.2 REQUIREMENTS
Two serial numbers of each of the two SRUs selected in Section 2.0 were to be fabricated.

The four modules were to be specially inspected at various steps in the production process so that

the location and size/severity of each of the significant latent defects would be known/bounded.
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4.3 ERFM FABRICATION ORDER

4.3.1 SRUs
The two SRUs were chosen after the review of the failure data, failure analysis of field SRUs

and a review of the SRU fabrication process. The two SRUs selected were the Timing and
Control Module (3562102) and the Linear Regulator Module (3569800). The serial numbers of
the specially fabricated SRUs are listed in Table 4-1.

TABLE 4-1. SERIAL NUMBERS

P/N 3562102

SRU Front PW a

0001 3786 31074
0002 10800 71082

P/N 3569800

SRU UL U2 U3
1149 11650 8355 8388
1150 11789 7941 8872

4.3.2 Normal Production Process
The 2102 and 9800 modules were built per the normal production process with special

attention taken to ensure that no extra care was given to this module build process. The goal was
to produce a typical module through an established production line without artificially modifying

the assembly to produce a superior product.
These modules were ordered as spares. When this order was placed, the APG-63 had gone

out of production except for spares. The spares production process is the same as for modules to
be assembled into deliverable radar systems, except for the last two of the three steps of
environmental stress screening (ESS). Modules in deliverable systems are screened at the
module, unit, and system levels of assembly. Spare modules are screened in a special way to
subject them to environmental stresses similar to those in unit and system level ESS of

deliverable systems.

4.3.2.1 Timing and Control Module
Many steps during fabrication can be automated or done manually at the requestor's option.

Di ing the early stages of fabrication parts are kitted. The kitting of parts facilitated keeping

identity of parts for ERFM.
The normal quality control and inspection performed are as follows:

Printed Wiring Board electrical test

4-2



• Airflow and pressure drop measurement

* Solder joint inspection (visual only)

" Environmental Stress Screening (ESS) (done at Module, Unit and System levels).

The typical fabrication process for the digital modules is as follows:

" Manufacture of the Printed Wiring Board.

" Bond the PWB to the Heat Dissipator/Manifold (P/N 3562150-25 PWB Assembly).

" Airflow test of the PWB Assembly.

" "Kitting" of the PWB Assembly and the applicable components into a Manufacturing Kit.
This Kit is then usually put into a bonded store room and released to be assembled at a
later date.

" Add components (mechanized assembly) and operator review.

" Add components (manual assembly) and operator review.

" Assembly (Module) Conditioning. This is a 23-hour test that consists of changing the
temperature from -60 degrees (C) to +95 degrees (C) at the rate of 15 degrees (C) per
minute.

" First test (test TI) and subsequent rework.

" Second test (test T2) and subsequent rework.

* Inspection of SRU by PA/QA function.

• Bond components and parylene coat the SRU. Inspection of bond and parylene coat.

" Inspection of SRU by PA/QA function.

" Power On Screening.

" System Bum In for three failure free cycles.

4.3.2.2 Linear Regulator Module

Hybrid Microcircuits
The hybrids used in the build of the 9800 module are purchased parts. Presently, there are

three approved vendors. They are Teledyne of Dedham, Massachusetts; Data Device Corp. of

Bohemia, New York; and Hughes Newport Beach, California.

Module Assembly

The typical fabrication process is as follows:

" Manufacture of the PWB.

" Bond the PWB to the Heat Dissipator/Manifold (P/N 3569805-1 Regulator Subassembly).

" Airflow test of the Regulator Subassembly.
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• "Kitting" of the Regulator subassembly and the applicable components into a

Manufacturing Kit. This Kit is then shipped to Hughes-South Carolina for assembly.

All required test (including Assembly/Module Conditioning), rework, and inspection is

performed in South Carolina. Bonding components and parylene coating the SRU, as well as

inspection of bond and parylene coating, are also performed in South Carolina.

• Return of the complete SRU to Hughes-El Segundo.

• Power On Screening.

" System Burn In for three failure free cycles.

4.4 APPROACH TO DEVELOPING SPECIAL FABRICATION AND INSPECTION
PLAN

This plan (Ref. 4-2) was developed per the following factors:

" The program requirements and objectives

* The failure data for the selected modules

* The state of the art of NDI

* The characteristics of the Hughes production process.

The approach to developing the plan was as follows:

" The normal production process was examined to identify:

- where and how the fabrication process occurs

- what problems and pitfalls could be anticipated in the special handling required for
ERFM

- what steps provided opportunities for diversion of the hardware for special NDI.

* The failure data were examined to identify the locations in the modules and the steps in the
production process at which special NDI was to be performed.

" A draft of the desired plan was prepared and was reviewed with Hughes radar production
managers, Hughes hybrid microcircuit specialists, and the hybrid microcircuit vendors. A
final draft was then prepared. Fortunately, little change to the draft plan was required as a
result of the review.

Hughes identified the following pitfalls and methods for avoiding them:

Maintaining identity of ERFM hardware. The specially inspected ERFM hardware could
get lost or mixed up with the normal production hardware at a number of places in the
production process. To prevent this, the following features were included in the ERFM
plan:

- A person was assigned to follow the kits through production. A backup person was
available in case of the temporary absence of the primary person. The normal Hughes
kitting procedure helped to maintain identity of the hardware.

4-4



- The ERFM parts not having serial numbers, such as prepackaged semiconductors, were
marked to identify them as ERFM parts. Parts used more than once in a module were
serialized so that the location of a specific part in the module could later be identified.

- Where a choice could be made, a manual process was selected over an automated one
to enable better vigilance of the hardware.

Obtaining modules having the same quality as in normal production. There was a risk of
damage to the hardware when the hardware was diverted for special NDI. To prevent
damage, the special NDI techniques were selected with care and transportation and
handling of the hardware were minimized. There also was a risk of obtaining unusually
high quality hardware. One possible cause would have been if factory personnel knew
their work was being evaluated and tried harder than usual to do a good job; to prevent this
from happening, efforts were under taken to shield the assemblers from knowledge of the
special nature of the ERFM hardware. The nature of the factory, which processes a variety
of high- and low-rate production runs, helped in this endeavor. Another possible cause
would have been if more stringent than normal quality control had been performed;
accordingly, we decided to perform only the normal procedures and not, for example,
employ a more severe environmental stress screening regimen than is normally used.

* Accounting for the finite yield of parts. A finite fraction of parts typically fails a test at
some point in the production process and is rejected. A replacement part then is put into
the kit. In the case of hybrid microcircuits, the yield is typically 30-40%. Consequently,
to obtain four modules having specially inspected parts, special provisions were made. In
the case of prepackaged semiconductor parts, these provisions were facilitated by the
normal production process. The parts in the ERFM kits were specially inspected and put
back into the kits. If a part had later failed an electrical test, the failure would have been
documented as part of the normal production process. The replacement part would have
been marked, specially inspected, and put into the kit. In the case of hybrids, the ERFM
program placed an order for more than the six hybrids required for the two 9800 modules.
The extra hybrids can be used to replace any that fail in the CERT test; this will enable
Hughes to economically satisfy the contractual requirement to deliver the SRUs to the AF
fully functional at the end of the program.

In developing the plan, a number of options were considered. These options, and the
rationale for the selected option, are discussed below:

Manual vs. automated production. Several key steps in the production process can be
manual or automated, at the requester's option. Hughes decided to specify that the
preparation of parts and the soldering process be manual, rather than automated. The
factory recommended that the preparation of parts (lead forming, tinning of leads, etc.) be
manual to lessen the risk of mixing up the ERFM parts with those for other programs.
These steps are performed manually for some programs, and the hardware quality is
expected to be comparable to that for automated preparation. The factory prefers that the
soldering be manual, because it is more convenient for them to do a small lot manually
than with a wave soldering machine. There is a risk that the solderers will produce
exceptionally high quality solder joints if they know their work will be specially
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evaluated; we endeavored to prevent their learning the special nature of the ERFM
program.

Environmental stress screening (normal vs. special). Hughes concluded that the normal
ESS process should be followed. To impose a more severe regimen could have been
counter productive to the contract objectives. It could have resulted in higher quality
hardware than normal and could have resulted in an untypically long failure free operating
period. If a more severe ESS regimen is appropriate, it can be recommended separately
from the ERFM program.

Where to do special inspection. This decision was based on the failure data obtained in
this contract and in previous investigations. These data indicated that failures in delivered
hardware occur primarily in the parts. Defective solder joints and PWBs usually are
caught in the normal inspection and quality control process and rarely show up as field
failures for this class of equipment. (Solder joint and PWB field failures are expected to
be more significant for more modern equipment having leadless chip carriers and more
complex PWBs.) Accordingly, the plan included no inspection of solder joints or PWBs
other than that in the normal production process.

4.5 SPECIAL INSPECTION AND FABRICATION PROCEDURE

4.5.1 Test Specimen Tracking and Control

4.5.1.1 Assignment of Personnel to Follow Fabrication
One person was assigned to follow the ERFM parts through the fabrication process. He

ensured that ERFM parts were stopped at critically identified times to inject special NDI
techniques per the Special Fabrication Route Plan. He also witnessed the assembly steps and
recorded information, such as the occurrence of rework, not recorded in the usual production

process.

4.5.1.2 Identification of Parts
Identification of components was a concern for the timing and control modules (P/N

3562102) but not for the linear regulator modules (P/N 3569800). The timing and control

module uses over 200 active devices, with 45 different part numbers and up to 24 components of
the same part number per module. The linear regulator module uses only a comparatively small
number of devices which are of interest. The hybrid microcircuits are already serialized, and

there is only one other instance of two components of the same part number.
Originally, Hughes had planned to maintain identity and serialization of the components

through a binary code. This binary code was to be series of different colored paint dots, to be
applied to the cases of the ERFM parts, such as prepackaged semiconductor devices. However,
when it came time to mark the parts, a marking press became available which could easily print
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standard serial numbers on the device packages. This eliminated the need for the potentially

cumbersome binary code. All marking materials were epoxy inks which conform to MIL-I-

43553 (Ret 4-3) and Hughes Standard HP 8-5 (Ref. 4-4) to ensure that the parts would not be

damaged and that the conformal coating would adhere. This provided a permanent and easily

readable serialization method. A waiver, qualifying these specially marked modules for the same

uses as normal products, was obtained.

4.5.2 Special Noncestructive Inspection

4.5.2.1 Nondestructive Inspection Techniques Used Specially for ERFM Test Specimens

Several nondestructive inspection (NDI) techniques were applied to the ERFM test

specimens during fabrication in addition to the normal quality assurance inspections. In some

instances, the normal tests or inspections are applied with pass/fail or go/no go criteria. Where

this was the case, such as in the air flow measurements performed on the heat exchangers, the

raw data were retained for analysis by ERFM personnel. Where tests normally performed are

done only on a sampling basis, such as in coupon testing of printed wiring boards (PWB),

samples from material or component lots used in the fabrication of the ERFM modules were

used.

NDI of the component parts of the modules and the finished assemblies included such

techniques as holographic interferometry, X-ray inspection, hermetic seal leak testing, PIND

(Particle Impact Noise Detection) testing and measurement of junction to case thermal resistance

(0 jc). NDI techniques applied to the hybrids used on the linear regulator modules were

performed at the hybrid vendors facility. These tests will be discussed separately at the end of

this section. In addition, a hybrid contamination screen was devised and implemented. This

screen is discussed in Section 5.0.

Holographic interferometry (HI) was used at several points in the fabrication of the modules.

Initial application of the HI was used to evaluate the integrity of the face sheet to fin stock braze

on the heat exchangers. At the same time in the fabrication process, the individual PWBs were

also evaluated by means of HI for interlayer delaminations. HI was also applied at later times in

the fabrication process to evaluate the PWB to heat exchanger bonds, and effects of the soldering

process, electrical testing, and bum-in on these bonds. The HI analysis is presented in the HI

subcontractor's final report, attached as Appendix D, and is summarized in Ref. 4-5. The PWBs

with which the technique was calibrated are described in Appendix E.

X-ray inspection of all active components was performed. The primary consideration for the

X-ray inspection was to determine the condition of the die attach in each device. A secondary

consideration was to evaluate any gold bond wires in the packages.
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As stated in the special fabrication and inspection plan, Hughes did not intend to evaluate

aluminum bond wires in the component packages because of the difficulty in radiographically

imaging these wires. However, Hughes did look into potential techniques for doing this. Two

methods were found, which with further development could have the capability to evaluate these

wires in electronic component packages. These techniques are low energy X-ray and X-ray

computed tomography. Unfortunately it would not have been appropriate for the ERFM

program to fund the development of these techniques for this application.

Both fine and gross leak tests were performed on all active devices. Although leak testing is

performed as a standard quality assurance measure at the component vendor's facility, these data
were not available to Hughes. Therefore, leak testing was necessary to obtain the leak rates of

the component packages for inclusion in the life model analysis.
Initially, Hughes had planned to perform junction to case thermal resistance (OjC)

measurements of all active devices. This proved to be prohibitively expensive. Instead, Hughes
decided to perform OjC measurements only on those components which dissipated the most

power and occupied the hottest positions on the modules, as indicated by thermal analyses

performed by Hughes (Appendices F and G). In addition, some devices which later were shown

to exceed MIL-STD-883 X-ray requirements for die attach voiding, and occupied some of the

hotter positions on the modules, were also measured for thermal resistance. The technique is

described in Appendix H, and the measurements are reported in Appendix I.

NDI of the hybrid microcircuits for use on the linear regulator modules was performed at the

vendor's facility since it was determined that removing the hybrids from the manufacturing

environment would have posed an unacceptable risk for introducing contamination. Hughes

negotiated with the vendor to make available to Hughes the results of all quality control

inspections. These inspections included a lot sampling scanning electron microscope (SEM)
evaluation of the metallization quality of the integrated circuit (IC) devices used in the hybrids,
X-ray evaluation of the device die attach and substrate bonding, OjC measurement, leak testing,

and bond pull.

4.5.2.2 Points In Fabrication Process at Which Special Nondestructive Inspection
Techniques were Used

Although the linear regulator module and the timing and control module are much different

in terms of complexity, the manufacturing steps are very similar. Therefore, the points in the

fabrication process at which NDI was applied that will be described in this section apply to both

modules.

The first point at which special NDI techniques were applied to the modules was prior to the

bonding of the PWBs to the heat exchangers. Holographic interferometry was used to determine

if any debonding existed in either the PWBs or in the heat exchangers. When the PWBs were
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bonded to the heat exchanger HI was again applied to determine the integrity of these bonds.

After this point in the fabrication-process HI was applied several more times to determine if any

of the manufacturing steps affected the PWB to heat exchanger bond. These points in the

fabrication process included after the reflow soldering operation, after module conditioning, after

power on screening, and after system bum-in.
X-ray, leak testing, PIND testing and OjC measurements of all IC devices were performed

prior to the soldering operation. Hybrid microcircuit tests were performed during the fabrication

of the hybrids as described earlier.

4.5.2.3 Potential for and Risk of Damage by Special Nondestructive Inspection
Techniques

Holographic interferometry was the first special NDI technique applied. This technique

involved the application of some stress to the modules. The stress was in the form of heating,

vibration, and bursting pressure (for the heat exchangers). The stress levels involved in heating

and vibration the modules were very low (see Appendix D). As an example, heating was often in

the form of the technician passing his hand over the module. In the case of applying a bursting

pressure, the heat exchanger was sealed on both ends and placed in a vacuum chamber where the

ambient pressure was then lowered slightly. To assure that no potential for damage to the heat

exchangers existed from the pressure testing, Hughes performed an analysis of the effects of

internal pressure on the heat exchangers (Appendix J). This analysis showed the stress induced

by the pressure testing to be benign to the heat exchanger.
It is well documented that exposure of semiconductor devices to radiation can have effects on

their operation. Since the nondestructive failure analysis of failed fielded modules included

X-ray evaluation, a survey (Appendix B) of the sensitivity of the devices used on these modules

to X-radiation was performed. The results of this survey showed that complete X-ray inspection

of the modules was possible while staying well within safety margins for the devices.

In performing gross leak testing of device packages there is the chance of introducing the

material used in the process into the device cavity, and thereby introduce potential

contamination. However, if this were the case, then that package would be identified as a

"leaker" and would have to be replaced. Fine leak testing involves pressurizing the packages in a
helium atmosphere and then subsequently checking for leakage of helium from the package.

Introduction of helium into the device cavity is not a concern since it is an inert gas. In addition,

the components are required to pass leak testing as a normal procedure so the packages are

designed to withstand the required time under pressure.
Measurement of 0 ¢ of a device involves applying power to at least a portion of that device.

Any time power is applied to a device there is the chance of an electrical overstress occurring
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which could damage the device. Care in applying the test method was used to alleviate this

potential problem. If any instance of an electrical overstress was suspected the component in

question would have been replaced.

4.5.3 Other Fabrication Procedures

4.5.3.1 Hybrid Microcircuit Procurement

A plan to procure 10 hybrids to be used in the build was projected to satisfy the finite yield of

the hybrid build process. It was planned that parts for 20 hybrids were to be specially followed

and inspected, in order to guarantee a yield of 10 hybrids. Six hybrids were required for

fabrication of the 9800 modules. The remaining four hybrids were available to be used as

needed to replace any attrition of parts seen through the Hughes module build. The extra hybrids

are also available to be used to repair modules upon the conclusion of CEIIT testing if needed. It

was important that a sufficient number of hybrids be built initially so that schedule delays did not

occur as a result of insufficient hybrid parts.

4.5.3.2 Use of Coupon Tests to Characterize Material Properties
There was only one place in the fabrication process where coupon tests were used to

characterize material properties. These coupon tests were made on the standard coupons

furnished with all printed wiring boards for this purpose. These coupon tests were performed to

show any delamination of the boards, plating coverage in the copper plating and resin smear at

the internal trace to barrel interface. Although, this test is usually done on a sampling basis,

coupons for each PWB used in the fabrication of ERFM modules were tested.

4.5.3.3 Electrostatic Discharge Protection

Standard Hughes EDSG electrostatic discharge protection procedures were followed per HPR

15010, "Protection of Static Sensitive Devices (SSDs)." A copy of this standard is attached to

Ref. 4-2 as Appendix B. While the riodules were being built, similar ESD Radar System

practices were followed.

4.5.3.4 Environmental Stress Screening

Only the existing environmental stress screening procedure was followed as per the normal

Hughes fabrication schedule. It was a conscious effort not to add or subtract from the normal

production build. The modules were screened at the module, unit, and system levels. The ESS

specifications used are the same as those described in Section 4.3.2.
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4.5.4 Fabrication and Inspection Process

4.5.4.1 Timing and Control Module
The 2102 module was built as a normal production module with the exception that it was

interrupted periodically to perform special nondestructive inspections before continuing through

its normal build cycle.
The build location for the 2102 module production was chosen to be Hughes Radar System

Group facility in El Segundo North. The site is capable of supporting both high and low-rate

production tasks. This was especially favorable for the ERFM program because the factory is

accustomed to handling special requests.

A detailed route sheet/plan with the special NDI inspection points incorporated into it is

attached as Appendix K.

4.5.4.2 Linear Regulator Module

Hybrid Microcircuit

Hughes Newport Beach was selected as the supplier of the hybrids. Hughes was selected

rather than the two qualified external vendors for the following reasons:

" The facility had an F- 15 order for the same hybrids at the time the ERFM order was
placed, enabling the ERFM devices to be put into the flow with the normal F-15 build.

* A Hughes engineer was in residence at Newport Beach to monitor a major contract for
devices and could track the ERFM devices.

• It is easier to obtain the detailed information on the build from Hughes than from an
external vendor.

" It is easier and less expensive to communicate with Newport Beach than with the external
vendors, which are three time zones away on the east coast.

Through the results of failed field module analysis, the hybrids have been identified as the

main focus of most failures on the 9800 modules. The high probability of having a hybrid

related failure resulted in monitoring the hybrid fabrication process to the same degree as the

module fabrication process. All sample and lot testing done by the manufacturers was required
on all hybrids (100% testing). All preliminary checks of specification compliances were

recorded and maintained in a data log for future reference. In addition, a screen for
contamination in the hybrids was developed and implemented. The details of the hybrid

contamination screen and its results are explained in Section 5.0.
A hybrid route sheet from Hughes Newport Beach is attached as Appendix L.
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Module Assembly

The 9800 module was built as a normal production module with the exception that it was

interrupted periodically to perfom special nondestructive inspections before continuing through

its normal build cycle.

To simplify the special handling, the build location was chosen to be El Segundo rather than

South Carolina. Because the 9800 module production had been moved to South Carolina several

years earlier, special arrangements had to be made to perform some of the fabrication and testing

steps in El Segundo. In all cases, test fixtures formerly used on the El Segundo production line

were found and recertified.

A detailed route sheet/plan with the special NDI inspection points incorporated into it is

attached as Appendix M.

4.6 RESULTS OF SPECIAL NDI

4.6.1 Holographic Interferometry
As stated previously, the outcome of the holographic interferometry inspections is detailed in

Appendix D. The HI revealed no latent defects in any of the four modules. Some interesting

results were noted, such as a very effective method for evaluating heat exchanger braze integrity.

4.6.2 X-Ray, PIND, and Leak Testing
All active components to be used in the fabrication of the four modules for the ERFM

Program were first serialized and subjected to several inspections as specified in

MIL-STD-883C. These inspections included X-ray, hermetic seal (leak testing), and PIND

(particle impact noise detection). In each one of the inspections components were found which

did not meet specification requirements. Findings of these inspections are summarized below.

Quantity Quantity

Part Number Inspected Out of Spec Out of Spec For

932827-11B 2 1 X-Ray

38510-07006 2 1 X-Ray

932753-1 B 14 3 X-Ray

932749-1 B 26 2 X-Ray

932728-IB 18 6 X-Ray

932726-11B 8 1 X-Ray

932736-1 B 52 2 X-Ray

932849-1 B 18 1 Fine Leak

932820-215 2 1 PIND
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The above findings are not a complete listing of all of the components inspected for use on
the four ERFM modules, but only lists those part numbers which had at least one out of

specification component.

As a consequence of the ERFM Program performing additional inspections during the

fabrication of two P/N 3562102 and two P/N 3569800 F-15 APG-63 modules, 18 of the

approximately 450 components supplied by Hughes RSG (Radar Systems Group) stores were

found to be out of specification with respect to X-ray, leak, or PIND testing requirements. In the
case of X-ray and PIND testing, MIL-STD-883C does not require 100 percent screening, but 100
percent screening is required for leak testing. Therefore, at least the one component which failed
the fine leak test should not have reached the assembly line. The other 17 components which did
not meet X-ray and PIND requirements must be considered to contain latent defects typical of

the manufacturing process.

4.7 SPECIAL PART PLACEMENT
The parts having the highest predicted temperatures of those showing anomalous die attach

are ! -ed in Table 4-2. They were selected for measurement of junction-to-case thermal

resistance (Appendix I).

TABLE 4-2. PARTS SHOWING ANOMALY IN X-RAY AND HAVING
HIGH PREDICTED TEMPERATURES

Predicted Junction
Part Number ERFM S/N Anomaly Temperature (C)*

932820-215 2 Tilted die; excess materal 84
(also Indicated particle in
PIND 2 of 4 trals)

932730-002B 13 Void extends 3/4 of die 60-78
width (within specification)

38510-07006 1 Void exceeds 50%; void 77
1 extends width of die

*Predicted junction temperatures of other anomalous parts no higher than 73C

Figure 4-1 shows the radiography accept/reject criteria from MIL-STD-883C, Notice 4,

Method 2012.6. Figure 4-2 shows a void in one of the specially inspected ICs.

As seen in Table 4-2, one of the part types having anomalous die attach is used in a number

of locations on the SRU having predicted junction temperatures varying by about 20'C. This is

also true for the part type found to have excessive leakage.
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REJECT,
VOID TRAVERSES LENGTH OR WIDTH OF
CHIP AND IS GREATER THAN 10%
OF DESIGNED CONTACT AREA

VOID DOES NOT TRA-
VERSE WIDTH OR
LENGTH OF CHIP

NOT A REJECT
VOID TRAVERSES LENGTH OR WIDTH OF CHIP BUT DOES
NOT EXCEED 10.% OF DESIGNED CONTACT AREA

(b) VOIDS

Figure 4-1. Radiography Accept/Reject Critera

Figure 4-2. Void in P/N 932728-1 B, S/N 12
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These results inspired the idea of deliberately placing the anomalous parts in the locations

predicted to be the hottest for the part type, thereby enhancing the probability of an early failure

in the CERT - a desired outcome for the purpose of achieving the program objectives. The part

placement is documented in Appendix N.

With the analog module, more hybrids were ordered and screened than were needed for the

build. The hybrids showing the highest contaminant level in the special screen (Section 5.0)

were selected for the two modules.

The special part placement/selection, while potentially advantageous for causing a desired

early failure in the CERT, produced a potential pitfall. The specially placed/selected parts could

have failed in the factory and been removed from the modules. This could have happened in the

final two ESS steps, power-on screening and system bum-in, in which the modules were

powered. We decided to take this risk.

4.8 RESULTS

The fabrication was a success.

A. The identity of the hardware was maintained.

B. Normal quality hardware was obtained.

1. Abnormally high quality was avoided.

a. The assemblers said that the presence of the ERFM team members made them
nervous, thereby possibly causing the quality to be subnormal.

b. Some assemblers were new to the job, indicating that supervision did not assign
their most experienced assemblers to make the ERFM hardware abnormally high
quality.

c. Most of the assemblers assigned to the ERFM 9800 modules had never worked on

the 9800 module, which could be expected to produce subnormal quality.

2. Damage or loss resulting from the special handling was avoided.

No rejectable defects were detected by holographic interferometry. No failures (flaw

precipitation) occurred in ESS. Thus the modules, containing the specially placed ICs having

rejectable defects, survived all the production quality control steps.
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5.0 HYBRID MICROCIRCUIT CONTAMINATION

5.1 ERFM BACKGROUND
As described in Section 3.0, field failures of the Linear Regulator Module (P/N 3569800)

were analyzed as part of the ERFM program. These failures were submitted to Hughes from

WR-ALC (Warner Robins Air Logistics Center). Nine of these modules were sent to Hughes for

analysis. Of these nine modules, two tested good at Hughes (these failures reported by WR-ALC

were never confirmed); five were confirmed to be failures; and two were confirmed to be failures

at the module level but the hybrid causing the failure could not be confirmed to be a failu.-- after

it was removed from the module.

Of the seven modules confirmed to be failures, the failure was isolated to hybrid microcircuit

U2 at the module level. Hybrid U2, P/N 934268, is a negative voltage regulator. Failure

analyses of the seven individual U2 hybrids resulted in the following conclusions:

" Two failed due to mobile ionic surface contamination.

* Two failed due to surface contamination induced leakage currens.

• One device failed due to an unknown cause (the failure was confirmed initially, but after
running the hybrid for a short period of time it recovered and could not be induced to fail
again).

• Two were not confirmed to be failures.

Details of the analyses performed on the seven U2 hybrids are available in the following

FARs (Failure Analysis Reports) whose cover pages are included in Appendix C:

FAR Hybrid
No. -B&L Causeailur

10963 451 Mobile ionic
contamination

10981 300 Surface contamination

10985 555 Mobile ionic
contamination

10994 127 Failure not confirmed

11002 502 Surface contamination
11033 428 Failure not confirmed

11053 344 Not determined

The preceding failure analyses did not determine the location of the failure mechanism in a

specific component in each hybrid. In the case of the mobile ionic contamination failures, the
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failure mechanism was implied by the behavior of the hybrid. That is, hybrid behavior would

degrade after a period of time of operation. If the devices were then baked without bias, the

hybrids would then function as they should for a period of time and then degrade again. This

behavior is typical of mobile ionic contamination.

In the case of the surface contamination failures, a particular resistor in each hybrid was

found to be out of tolerance; specifically, each was found to be too low in resistance. After a

bake, the resistors would then recover to their nominal value. It was concluded that there was a

surface contaminant on the resistors which could be driven off by baking.

At this point, no further detailed failure analysis was performed on any of the negative

regulators. The original purpose of the ERFM field failure analysis was to determine whether

mechanical failures were causing a significant number of field failures of electronic hardware.

Therefore, at the point where the failure analyses determined that the hybrids had not failed due

to a mechanical mechanism, the failure analyses were terminated and the cause of failure was

concluded based on the data available at that point.

5.2 FAILURE MECHANISMS

Another task in the ERFM program was to model the failure mechanisms that were most

often encountered during in the failure analyses performed on the hardware from the field. There

were two hybrids that failed due to ionic contamination and two that failed due to apparent

contamination of thick film resistors in the hybrid. Therefore, it was decided to develop models

for these mechanisms:

(1) Ionic contamination induced inversion

(2) Surface contamination induced conduction.

5.2.1 Ionic Contamination Induced Inversion

If ionic contamination is present on or in the silicon dioxide that is deposited on

semiconductor devices, it can alter the electrical behavior of the semiconductor device. The

ionic contamination itself does not conduct current; rather it induces a mirror charge in the

underlying silicon. Figure 5-1 illustrates the effect of the ionic contamination. In this

illustration, the ionic contaminant is represented by "+" indicating a positive ion in the oxide

over the p-n junction. The positive ions attract negative charge carriers in the underlying silicon.

In the n-type diffusion, this only tends to make the surface of the n-type silicon even more n-

type, an effect known as accumulation. That is, there are more negative carriers than usual

which does not significantly affect the electrical behavior of the junction.
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Figure 5-1. Sketch of Cross Section of Area on Semiconductor. Sodium Ions (+) in the
Oxide Induce an Inversion Region in the p-Type Silicon.

In the p-type silicon, the attracted negative charge carriers offset the effect of the positive

charge carriers that are present in p-type material. This tends to make the p-type material less

p-type. If there are sufficient positive ionic charges in the oxide that are near the surface of the

silicon in order to have the maximum effect, the positive carriers can be completely cancelled by
the attracted negative carriers. This results in a condition called depletion. If the positive ionic

contamination is even higher in concentration, it can attract enough negative carriers to make the

surface of the p-type silicon appear to be n-type, a condition called inversion. The area where

the inversion occurs is called the inversion region or inversion layer. Since the inversion layer

acts as an extension of the n-type diffusion, the shape and location of the p-n junction are

uncontrollably altered depending on the distribution of the contaminant in the oxide.
The inversion layer can have several different effects on the electrical properties of the p-n

junction. Since the junction has been changed by the inversion layer, the leakage current may

increase by orders of magnitude. Also, the breakdown voltage of the junction could be

drastically decreased due to the uncontrolled doping levels in the depletion region which

becomes part of the junction. In extreme cases, the n-type inversion region could bridge between

two n-type diffusions previously separated by a p-type region, a condition known as channeling.

Sodium is the contaminant that is most often discussed when ionic contamination induced

inversion is discussed. There are two basic reasons for this: first, sodium can diffuse fairly

readily through the silicon dioxide that is present on the surface of semiconductor devices. Also,

sodium is difficult to eliminate from the semiconductor fabrication process. The amount of

sodium required to cause inversion in the silicon only has to be slightly higher than the

concentration of the p-type dopant in the silicon. The doping levels in the silicon are typically on
the order of 0.01 to 10 ppm (parts per million), which requires only 0.1 to 100 ppm of sodium in
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the oxide. Even smaller concentrations of sodium could cause problems if fields on the oxide

tend to drive the sodium toward the surface of the silicon and concentrate its effect.

5.2.2 Surface Contamination Induced Conduction
In this failure mechanism the contamination is directly involved in altering the electrical

behavior of the circuit element. The contaminant acts as a conductor providing an alternate path
for current flow reducing the effective resistance of a thick film resistor as illustrated in
Figure 5-2.

SUBSTRATE

THICK FILM RESISTOR

LASER TRIM

METALLIZATION METALLIZATION

SURFACE CONTAMINATION

Figure 5-2. Sketch of Thick Film Resistor. Surface Contamination Causes Parasitic Current Flow
(Dashed Lines) Across Laser Trim Reducing Effective Resistance of the Resistor.

When the thick film resistors are deposited, the value of the finished resistor cannot be
controlled precisely enough by geometry alone. Therefore, resistors with tight tolerance
requirements are deposited to be lower in resistance than required. The resistor is then trimmed
to value using a laser to make a cut into the resistor element. Current is forced to flow around
the laser cut through the narrowed portion of the resistor element effectively increasing the
resistance of the resistor. The thick film resistors consist of metal oxides in a glassy matrix.

When the laser cuts are made, the cut tends to self passivate forming an insulator over the edges

of the cut area.
If the failure mechanism is present, the surface contamination diffuses through the thin

insulator over the edge of the laser cut and then acts as a parasitic current path reduci.,g th
effective resistance of the resistor. In the hybrid, the specific thick film resistor affected by this
failure mechanism was identified. This particular resistor value directly determines the output of
the hybrid. A reduction in the resistor value reduces the output voltage of the hybrid.
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5.3 ADDITIONAL ANALYSIS OF FAILED FIELD HYBRIDS

Sections 5.3 through 5.6 are summarized in Ref. 5-i1.
In order to model the ionic contamination failure mechanism, additional data were required in

order to determine the specific component that was being affected by the ionic contamination. In

the case of the failures due to the surface contamination, a specific thick film resistor was

identified as being affected by the mechanism. However, additional information was required in

order to understand the failure mechanism in detail to be able to model it accurately.

5.3.1 Additional Analysis of Hybrid Failing Due to Ionic Contamination

One of the hybrids that had previously been determined to be apparently failing from ionic

contamination induced inversion was subjected to additional analysis. This hybrid could be

made to function correctly by baking it at 125 C for several hours with no bias applied. It could

then be induced to fail by running it for several hours under normal bias conditions. The failure

was manifested as an increase in the magnitude of the negative output voltage beyond

specification limits. The hybrid was configured as a -12.0-volt regulator. In this configuration,
the specification limits for the output voltage are -12.0 volts ±0.06 volt (+0.5%). The module

that uses the hybrid imposes a specification limit of -11.75 V to -12.25 V. After the hybrid had

been run for a period of time, the output increased to -14 to -15 volts.

All of the nodes in the hybrid were probed using a probe station to carefully and precisely
position microprobes at various points in the hybrid circuitry. The voltages at each of the nodes

were measured first when the hybrid was functioning correctly and then when the hybrid was

malfunctioning. The nodes in another hybrid of the same type were also probed. This second
hybrid was a hybrid that always functioned correctly. By analyzing the voltages at each of the

nodes under normal and failing operating conditions and also comparing them to the voltages

measured in the "good" hybrid, it was determined that the failure was associated with transistors
Q I and Q2 (see the hybrid schematic in Figure 5-3). These transistors were supposed to be

matched PNP transistors. The transistors are Hughes P/N PS60071-2 which corresponds to

generic P/N 2N3798. The Hughes specification for the hybrid is included as Appendix 0, and
the Hughes specification for the transistor is included as Appendix P. Figure 5-4 is an overall
view of the interior of the hybrid with QI and Q2 indicated. Figure 5-5 is a photograph of Q2.

In addition to probing the hybrids to measure the node voltages, additional probing was

performed. This probing was done to simulate the effects of leakage currents across various
junctions of the numerous semiconductors in the hybrid. Probes were placed so that the base and
emitter of a transistor were being contacted, for example. Then a decade resistor in series with

(Text continued on page 5-8.)
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Figure 5-4. Overall View of the Negative Hybrid Interior
with 01 and 02 Indicated

Figure 5-5. SEM Photograph of Transistor 02
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an ammeter was placed between the two points. The decade resistor was then switched until

various amounts of current flowed through the parallel path to simulate a leakage current flowing
across the junction. The output of the hybrid was monitored while the decade resistor was

switched. This procedure was repeated until leakage currents had been simulated on all of the
semiconductor devices. Transistors Q1 and Q2 were found to have the largest effect on the

output of the hybrid when leakages were simulated across their base-emitter junctions. Most of
the other devices required leakage currents that were orders of magnitude higher than those for

QI and Q2 to obtain smaller effects on the hybrid output. We assume that all devices have equal

susceptibilities to contamination induced leakage. Therefore, if leakages were generally induced

due to contamination, Q1 and Q2 would have the largest influence on hybrid output for a given

level of contamination.

Transistors Qi and Q2 were isolated from the rest of the circuitry to measure their individual

electrical characteristics. Their junction breakdown voltages were within specification limits.

The base-emitter leakage current of Q1 was 7 nA which is well within the specification limit of

20 nA. The base-emitter leakage current of Q2 was 42 nA which is slightly outside of

specification limits. The most significant difference between the two transistors was the value of
the current gain (hFE) for each of the devices. Q 1 had an hFE of 130 and Q2 had an hFE of 10.

The gains of the transistors should be matched to within hFEI1/hFE2 = 0.85 to 1.15.
The large difference in current gains was the most dramatic difference between the two

transistors but could not be immediately explained by the other parameters. The two transistors

did exhibit a slight difference in base-emitter leakage currents, but not large enough to explain
the difference in current gains. For as large a difference as was seen in current gains it would be

expected that the difference in leakage currents would be at least several orders of magnitude.

Also, when measuring the electrical characteristics of the devices no indication of channeling
was noted. The exact mechanism causing the failure was determined after a similar failure mode

had been found in a new hybrid. The analysis of this new hybrid and the failure mechanism

discovered to be responsible for its failure are discussed later.
The failure mechanism was, therefore, concluded to be ionic contamination induced

degradation of the gain of transistor Q2. This resulted in the gain of Q2 decreasing far below
that of the previously matched Ql. This apparently caused the output of the voltage regulator to

increase beyond the module specification limits.
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5.3.2 Additional Analysis of Surface Contamination Failures
Hybrids S/N 300 and S/N 502 apparently failed due to surface contamination on the resistor

between pins 21 and 24 in the hybrid. The value of this resistor should be 2.5 Kohms ±1%. In

device S/N 300 it was 2.3 Kohms and in device S/N 502 it was 2.1 Kohms. In both hybrids, the
resistors returned to their nominal values after the hybrid had been baked at 125 C for 24 to 48

hours.

The hybrids were again visually examined to determine if there was any indication of
contamination on the resistors, but nothing was seen in either case. The devices were submitted
for SEM/EDX (Scanning Electron Microscope/Energy Dispersive X-ray) analysis. SEM
examination did not reveal any indication of contaminant on the resistors. EDX analysis of the
resistors did not reveal any anomalous elements on their surfaces. In both devices, the analysis

was concentrated in the area of the laser trim on the resistors.

The devices were then examined using Auger analysis, a technique which is very sensitive to
surface contaminants. Again, no anomalous elements were found. Traces of carbon were noted

on both devices, but this is expected since the devices had been open for at least 2 months prior
to Auger examination.

It was not surprising that the analysis techniques did not identify a contaminant on the
resistors. Following the bakes that were performed on the hybrids, the resistors were then within
specification limits. This indicates that the contaminant may have evaporated or may have been
redI-ributed within the hybrid after the bake. Therefore, there was probably little or none of the
original contamination left on the resistor.

5.4 HYBRID CONTAMINATION SCREEN
After the field failures were analyzed, two failure mechanisms were identified that were

observed most often. These were ionic contamination induced inversion and surface

contamination induced leakage current.

5.4.1 Hybrids Subjected to Screen
A screen was developed to identify the extent to which the identified mechanisms might be

present in some new voltage regulators. These new regulators were set aside specifically for the
ERFM program (see Section 4.0). (The "new" hybrids were manufactured in 1989, in
comparison to the failed hybrids from the field which were built in 1981 and 1982. The new
hybrids were assembled at the Hughes Tijuana hybrid facility.) They were used to test the life
prediction models created as part of the ERFM program (see Section 6.0). The new hybrids, 10

negative voltage regulators and 6 positive regulators, were subjected to the screen.
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The S/Ns and manufacturing dates of the various regulators are shown below. The

manufacturing dates were obtained from the travelers that accompany each hybrid as it is being

assembled in the fabrication facility.

Negative Regulators Positive Regulators

Mr. Dates Mr. Dates
0480* 10/87-11/87-2/88 11650 10/88-4/89
7941 2/88-4/89 11789 11/88-4/80
8290 2/89-4/89 11836 11/88-4/89
8355 (NA)-4/89 11861 11/88-4/89
8388 (NA)-4/89 12034 11/88-4/89
8584 2/89-4/89 12183 11/88-4/89
8589 2/89-4/89

8748 (NA)-4/89
8872** 1/89-3/89-4/89
8929 2/89-4/89

NA = date not recorded (hybrid assembly was initiated on a separate traveler and
then completed on the available traveler)
*S/N 0480 was initially completed in 11/87 and then reworked

"*S/N 8872 was initially completed in 3/89 and then reworked

Assembly of device S/N 0480 apparently was initiated sometime before the other hybrids

based on both its serial number and the dates of manufacture from the travelers. It is possible

that the individual components used in this hybrid were from lots different from those of the

other hybrids.

5.4.2 Development of Screen

Since contamination is the key element in the identified failure modes, it was decided that an

HTRB (high temperature reverse bias) test should be performed on all of the hybrids. This is

known to accelerate the effects of ionic contamination induced inversion. Following the HTRB,

the devices would then be subjected to an unbiased bake which normally reverses the effects of

HTRB for many forms of ionic contamination induced failure mechanisms.

A screen for the failure mechanisms found in the negative regulator hybrids was developed

and consisted of the following steps (the acronyms at the beginning of each step corre-pond to

labels used on graphs of the data from this test):

I. INEL: Initial electrical - recorded baseline data on the hybrid electrical performance
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2. HTRB: Hybrids were subjected to 125 C for 48 hours; as many semiconductor junctions
as possible (from external hybrid pins) were reverse biased; hybrid electrical data were
remeasured after this test

3. BAKI: Hybrids were baked with no bias at 125 C for 48 hours; hybrid electrical data
were remeasured after this bake

4. EL2: Remeasure electrical data (this test was included after the hybrids had been sitting
for about 2 months after BAK1)

5. HTFB: Hybrids were subjected to 125 C for 48 hours; as many semiconductor junctions
as possible (from external hybrid pins) were forward biased; hybrid electrical data were
remeasured after this test

6. BAK2: Hybrids were baked with no bias for 48 hours at 125 C; electrical data were
remeasured after this bake

The contamination screen was initially planned as documented in Ref. 4-2, Addendum No. 2.
This document includes the biases to be applied during the HTRB test. The initial plan included
steps (1) through (3). However, after these steps had been completed, it was noted that most of
the negative regulators had shifted their output voltages following step (2), the HTRB, but then
had not recovered significantly following step (3), the unbiased bake. Therefore, the screen was
modified to include steps (4) through (6) to determine if any additional changes could be induced
in the hybrids (Ref. 4-2, Addendum No. 3).

The biases that were applied during the HTFB test are shown below:

HTFB Bias Conditions
PIM BIAS CONDITIONS PIN BIAS CONDITIONS
1 NC* 16 +10 Volts
2 NC 17 NC
3 NC 18 NC
4 GND** 19 NC
5 +5 Volts/R=l Kohm 20 NC
6 +5 Volts/R=1 Kohm 21 GND/R=1 Kohm
7 +5 Volts/R=1 Kohm 22 NC
8 NC 23 NC
9 NC 24 GND

10 GND 25 NC
11 NC 26 -5 Volts/R=1 Kohm
12 +5 Volts/R=1 Kohm 27 -5 Volts
13 NC 28 NC
14 NC 29 +5 Volts/R=1 Kohm
15 NC 30 NC

*NC=no connection
*'GND=ground (0 volts)
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Notes:

1. If no resistor is indicated after a bias, connection should be
made directly to the bias with no series resistor. If a
resistor is indicated after a bias, that value of resistor
should be inserted between the bias and the pin.

2. These conditions are for hybrid P/N 934266 (the positive
voltage regulator). For Hybrid P/N 934268 (the negative
voltage regulator), negative voltages of the same
magnitude should be substituted for positive voltages, and
positive voltages for negative voltages.

At each point where electrical measurements are indicated the following data were measured

and recorded:

1. Overall hybrid functional parameters including regulated output voltage

2. Leakage currents across semiconductor junctions electrically accessible from external
hybrid pins

3. Resistance values of any resistors electrically accessible from external hybrid pins.

The leakage currents were monitored as an indication of overall hybrid cleanliness as

indicated by changes in the currents. The resistance values were monitored to assess the extent

to which the resistor failure mechanism seen in previous hybrid failures might be present. The

details of the leakage current and resistance measurements are documented in Ref. 4-2,

Addendum No. 2.

5.4.3 Results of Application of Screen to New Hybrids
The 10 negative and 6 positive new regulator hybrids were subjected to the screen. The raw

data taken at each step in the hybrid screen are presented in Appendix Q. The leakage current

and resistance measurements did not reveal any significant information for either type of hybrid.

The negative regulator hybrids had slightly more instability in the resistance measurements, but

not enough to be significant.

The most significant result of the hybrid screen was the change in output voltages of the

negative voltage regulators. The values of the output voltage for the negative regulators for each

step in the hybrid screen are plotted in Figure 5-6. After the HTRB test, the hybrid output

voltages all increased for all devices except S/N 0480, assembled at a different time than the rest

of the devices and also a significantly different S/N.

The greatest change was in S/N 8584 which is shown on every graph so that it can be

compared to all other devices. Also, note that the output voltages tended to stay at the high

output levels all through the rest of the tests, decreasing only slightly for those showing the

biggest increase after the HTRB test.
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Additional intervals of HTRB were performed on the negative regulators, but their outputs

never increased beyond the highest outputs observed in the HTRB performed in the screen test.

This indicates that the devices have degraded to the maximum extent possible with the amount of

ionic contamination present in the devices.

The output voltages of the positive voltage regulators were extremely stable all through the

series of tests. Figure 5-7 shows the behavior of the positive regulators. Figure 5-8 shows

expanded scales of the change in the output voltages of the positive regulators. Even on the

expanded scale no significant trend is noted for the positive regulators outputs.
The screen, therefore, indicated that the ionic contamination failure mechanism is present in

the new negative regulators. However, the new hybrids apparently had less contamination than

the hybrids from the field as indicated by the smaller increase in output voltages. No indication

of the resistor failure mechanism was distinctly noted in the new hybrids. The new positive

regulators showed no indication of any of the failure mechanisms.

5.5 ANALYSIS OF NEW HYBRID

The negative regulator with the largest output voltage shift (S/N 8584) was analyzed to

determine the cause of the output change. Nodes in the hybrid were probed to determine the

voltage at each point. As in previous analyses of the negative regulators, the probing indicated

that transistors Q1 and Q2 were causing the output voltage shift.

5.5.1 Detailed Analysis of Transistors

Transistors Q l and Q2 were then isolated from the rest of the hybrid circuitry in order to be

able to fully characterize the individual devices. The chart below shows the results of the

electrical characterization.

Parameter Measured Value(Q1 / Q2) Specifia i

Leakage current:

Emitter-Base 9 nA / 36 nA 20 nA (maximum)
Collector-Base 0.5 nA / 0.3 nA 10 nA (maximum)

Breakdown voltage:

Emitter-Base 7.6 V / 7.6 V 5.0 V (minimum)

Collector-Base > 100 V I> 100 V 60 V (minimum)

Current Gain 120 / 25 100 (minimum)

Not only is the gain of transistor Q2 far below the specification limit, the matching between

the gains of Qi and Q2 is also well outside of the specification limit. The specification requires

that hFEj/hFE2 (where hFE1 is the gain of QI and hFE2 is the gain of Q2) should be

0.85 (minimum) and 1.15 (maximum). This ratio for these devices is 4.8.
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The large difference in the gains of the two transistors is not explained by the small

difference in the leakage currents in the base-emitter junctions of the two devices. For such a
large difference in gains, several orders of magnitude of difference in the leakage currents would

be expected. Also, it should be noted that no evidence of a channel was noted in transistor Q2
during curve tracer measurements of its electrical characteristics.

The hybrid, negative regulator SIN 8584, was reconfigured and the transistors rebonded so

that transistor parameters could be measured directly from the hybrid pins rather than having to
probe to the devices every time they needed to be characterized.

In order to further evaluate the base-emitter junctions of the two devices, the ideality factor,
n, was measured for device base-emitter junctions. The ideality factor appears in the diode

equation:

I=Is exp( qVf/nKT)

where:

I = junction current
i s = saturation current (constant for a given device)

q = electron charge
Vf = voltage across junction

K = Boltzmann's constant
T = temperature

The value of n for a good junction varies between 1 and 2. For junctions affected by a
channel the value lies between 3 and 4 (Refs. 5-1 and 5-2). In order to measure the value of n,
the log of the current (I) is plotted versus the voltage (Vf) and the slope is measured. The value

of n can then be calculated from the slope.
The values of n for Q1 and Q2 were measured using an automated setup that automatically

applies the voltage, measures the current and calculates the value of n for various ranges of Vf.

Figures 5-9 and 5-10 show the electrical data plots generated by the automated test equipment

and the values of n that were calculated for Q1 and Q2. While there were differences in the
values of n for device base-emitter junctions, all values were in the range of 1 to 2, verifying that
there is no channel associated with either device. It can also be seen that for equivalent forward

biases, transistor Ql conducts considerably less current than Q2. This information is presented

below:

Junction Current

Junction
Voltage 01 02
(VBE)

0.12 V 10 pA 600 pA
0.20 V 100 pA 40 nA
0.30 V 1.05 nA 4n0 nA
0.40 V 10.05 nA 3.0 uA
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The cause for the higher currents in Q2 is discussed in detail in Section 5.7.3. These higher

currents are directly related to the decreased current gain of Q2.

The ideality factor was also measured for the collector-base junctions. The individual

behavior of this junction would have less of an influence (than the base-emitter junction) on the

overall behavior of the transistor, especially on the transistor gain. The ideality factor was
measured as another indication of the electrical behavior of one transistor relative to the other.

Since these devices started out as a matched pair, this measurement provided more information

on their present conditions.

For the base-collector junctions of Q1 and Q2, the currents for the two junctions were

virtually identical except at very low forward bias voltage. The ideality factors were also very
similar, again being different only at very low forward bias voltages. The differences at very low
bias would not affect the behavior of the transistors at normal biases.

5.5.2 Additional Tests on Transistors
The devices were then subjected to an unbiased bake and then a period of HTRB (high

temperature reverse bias). The unbiased bake was performed at 100 C for 96 hours in a nitrogen

atmosphere. The HTRB was performed for 48 hours at 125 C with 5-V reverse bias on the base-

emitter junction and 10 V reverse bias on the base-collector junction.

The devices were electrically characterized both after the unbiased bake and after the HTRB

stress. The electrical parameters, including the ideality factor, did not change significantly after

either test for either of the transistors.

The devices were examined in the SEM (scanning electron microscope) and analyzed to

cetermine if there was any detectable contamination on the device. EDX (energy dispersive

X-ray) analysis of the surface of the transistors did not reveal the presence of any contaminants.

However, EDX analysis requires that an element be present in concentrations of at least

0.1% to be detectable. There could be more than enough sodium present in the oxide on the

devices to cause changes in their electrical behavior.

When sodium causes inversion in an integrated circuit, the concentration levels are on the
order of 10 times the concentration of the dopants in the silicon. The dopant levels in the silicon

are only on the order of 0.1 ppm to 10 ppm. Therefore, sodium concentrations of I ppm to 100
ppm are sufficient to cause problems. These levels will not be detected by EDX analysis.

5.6 COMPUTER MODEL OF HYBRID CIRCUIT
Previous analyses have indicated that change in gain of one of the transistors in the matched
transistor pair caused the voltage output of the negative voltage regulator hybrid to change. In

order to investigate the relationship between mismatch in the gains of the previously matched
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transistors and the output voltage of the hybrid, it was decided to use a computer model of the

hybrid circuit to simulate the behavior of the hybrid. Using this approach, different gains for

each of the transistors in the matched pair were input into the computer model and then the

computer model was used to determine the resulting hybrid output voltage.

5.6.1 Advantages of Computer Simulation

It would have been virtually impossible to find actual transistor chips with the correct range

of gains to physically replace the transistors in the hybrid and then monitor the resulting output

voltages. Also, the effort required for such an approach would have been considerable. The

potential for erroneous results as the result of either mechanical damage to other components in

the hybrid or contamination introduced during this type of approach would also have tended to

make this type of approach unfeasible.

The only other approach that could have been attempted using actual hardware would have

been to alter the function of the circuit using electrical microprobes. By probing to the interior of

the hybrid and placing a resistor across the base-emitter junction of each of the transistors in the

matched transistor pair, a parasitic leakage current could have been created to effectively reduce

the gain of one or both of the transistors. This would still require calculation of the effective gain

of the transistor in the circuit and would not be completely equivalent to actually having a

transistor in the circuit with reduced gain. Again this approach would have had the possibility of

erroneous results due to mechanical damage to other components in the hybrids or the possibility

of the potential for contamination introduced into the hybrid.

5.6.2 Generation of Computer Model

The hybrid by itself is not a functional voltage regulator. Obviously external power supplies

and input voltages have to be connected to the appropriate hybrid pins. Also, other connections

ano components must be applied to the hybrid depending or. the desired output voltage. The

hybrid is capable of supplying various regulated negative voltages (-5, -6, -12, -25 or -50 volts)

depending on the input voltage applied and the various external connections. Details of the

connection requirements for each voltage can be found in the Hughes Standard 934268 shown in

Appendix 0.

The software that was used for the circuit simulation was Microcap which is a version of

SPICE. The circuit simulation included the circuitry in the hybrid plus the external circuitry and

power supplies required to generate a complete voltage regulator. Initially, the circuit simulation

was performed with the hybrid configured as a -5-volt regulator.

The computer model was generated by choosing a point in the circuit that was modelled and

then specifying a component or components to be connected to this point. The components were
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then specified that were to be connected to the other terminals of the previously selected

components until the entire schematic was generated. Initially, the components were only

denoted by their type and circuit number. For example, RI for resistor number 1, C3 for

capacitor number 3 and so forth. After the circuit diagram was completed, a list of ,he

components was generated by the computer and specific values were assigned to the resistors and

capacitors.

Models for various transistors and diodes have already been included in the software.

Common models were chosen for each of the transistors in the hybrid circuit. Of course, care

was taken to ensure that PNP models were used for PNP transistors and NPN models for NPN

transistors. Simple diode models were chosen for the diodes, except in the case of the Zeners

where models were chosen corresponding to the correct Zener voltage. Transistors Q I and Q2

were modelled using the common PNP transistor model that was included in the software, except

the gain was modified so that initially both transistors had equivalent gains of 120.

5.6.3 Testing the Model

The first runs of the model revealed that it took a long time (about 20 minutes) for the model

to converge to a steady state solution. However, when the model did converge the hybrid circuit

output voltage was very close to the specified output. The model output was -5.0002 volts when

the specified output should be -5.00 volts ±0.5% (or ±025 volts).

On subsequent runs, it was discovered that the Zeners were causing the long convergence

time. By replacing one or both Zeners with a power supply equivalent in voltage to the Zener

voltage, the model would converge to a solution within 1 or 2 minutes. It was hypothesized that

the software was having a problem with both Zeners in the circuit at the same time. Since the

Zener I-V characteristic has such an abrupt discontinuity (the Zener current is zero until the

Zener voltage is reached), the software seemed to be having a problem at startup, trying to reach

the point where both Zeners are conducting simultaneously. However, using the power supply in

place of one or both devices forces the circuit simulation to converge much more rapidly.

Using the power supply in place of one Zener caused a small shift in output voltage and

replacing both Zeners with supplies resulted in a slightly higher shift. For example, with both

Zeners replaced by power supplies, the output of the circuit was -5.026 volts. With the 6.2 V

Zener replaced by a supply, the output was -5.020 volts and with the 4 V Zener replaced it was

-5.024 volts. By trimming one of the resistors in the circuit, the offset introduced by using a

supply in place of a Zener could be zeroed out without affecting the overall performance of the

circuit. Most of the simulations were run with one of the Zeners replaced by a power supply in

the computer model in order to speed up the convergence time. Whenever a significant change

5-21



was made in the hybrid circuit, an occasional trial run was made with both Zeners in place to

confirm that the power supply was not significantly altering the hybrid circuit behavior.

5.6.4 Modelling the Regulator with Mismatched Transistors

The hybrid was then configured as a -12.00-V regulator with the resulting circuit diagram

generated by Microcap shown in Figure 5-11. The individual devices in the Microcap circuit

diagram have labels different from those shown in the previous circuit diagram shown for the
hybrid. The transistors of interest in the Microcap generated diagram are Q12 and Q13. These

transistors will still be referred to by the designation in the first schematic, QI and Q2, to try to

avoid confusion.

The circuit was set up to provide an initial output of exactly -12.00 volts. This initial value

was obtained using the gains of Q1 and Q2 both set to 120. Then the output was monitored as

the gain of Q1 was decreased while holding the gain of Q2 constant. The gain of Q1 was then

held constant at 120 while the gain of Q2 was decreased. Figure 5-12 shows the results of these

computer simulations. It can be seen that the gain of Q2 has a much larger effect than the gain of

Ql.
Additional simulations were performed where the gains of both transistors were decreased

simultaneously. The results are listed:

Gain QI = Gain Q2 = 120; Hybrid Output = -12.OOV

Gain QI = Gain Q2 = 50; Hybrid Output = -12.072V

Gain Qi = Gain Q2 = 25; Hybrid Output = -12.184V

This zo-ifirmed the larger effect of Q2, causing the hybrid output to increase even with

equivalent decreases in the gains of the transistors.

This explains why the negative regulator outputs always increased both in the field failures
and the new devices in the hybrid screen test. Both transistors would tend to have about the
same amount of contamination since they are processed the same and handled the same. But for
the output to decrease, the contamination on Q1 would have to be tremendously heavier than on

Q2. However, if it is about equivalent, the hybrid output increases as experienced.

5.7 MOBILE IONIC CONTAMINATION MODEL (QUALITATIVE DISCUSSION)
It has been shown that ionic contamination caused the output voltage of several negative

voltage regulators to change. The failure mechanism was found to be occurring on one of a pair
of matched PNP transistors. The ionic contamination diffuses through the silicon dioxide on the

transistor and causes degradation of its electrical behavior.
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Figure 5-1 1. Negative Voltage Regulator Circuit Diagram Generated by Circuit Simulation Software.
Includes Hybrid Circuitry Plus External Circuitry and Connections Required for a
Complete Regulator. Component Labels Differ from Those in Figure 5-3. 012 and
013 Correspond to 01 and 02 in Figure 5-3. (6.2 V Zener Diode Replaced by 6.2 V
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Figure 5-12. Plot of Negative Regulator Output Deviation (in %) vs. Ratio of Gains of
Transistors Q1 and 02. "+" Data Points are for the Condition where Gain of 01
was Held Constant and Gain of Q2 was Varied. "o" Data Points are for the
Condition where Gain of 02 was Held Constant and Gain of Q1 was Varied.
Data for Plots was Generated by Computer Circuit Simulation.
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A model was generated to simulate the diffusion of the ionic contamination through the oxide
over the semiconductor. The model also determined the resulting amount of charge that was
induced in the silicon beneath the oxide and the resulting effects on the electrical behavior of the

transistor.

Ultimately, the model was used to predict the lifetimes of the hybrids under known operating
conditions. These hybrids were to be installed in units identical to the units in which the field
failures were installed. These units were then placed in a CERT (Combined Environments
Reliability Test) for a certain period of time (see Section 6.0). The CERT subjected the units to
conditions that were more extreme than those that they would see in the field. Since the
conditions for the CERT were carefully controlled, the stress factors could be input into the
models to predict the amount of time the hybrids would operate before they failed. The failure

criteria were the module specification limits for the negative regulator hybrid output voltage.

5.7.1 Detailed Transistor Description
It has been shown that the gain of the PNP transistors in the hybrids has been degraded by

ionic contamination, probably in the form of sodium ions, that diffused through the passivation
oxide. An initial description of the transistors was given in Section 5.3.1. This present section
provides additional details needed to understand the failure mechanism that occurred in these

devices.

Figure 5-5 shows a photograph of one of the PNP transistors. Figure 5-13 is a sketch of a

cross section of the transistor showing how the different diffusions are located to form the p-type

emitter, n-type base and p-type collector regions. The portion of the transistor that is affected by
the ionic contamination is the surface of the device near the base-emitter junction. Figure 5-14 is

a sketch of this area in a location where metallization passes over the base-emitter junction.

COLLECTOR

SHADED AREA = EMITTER

Figure 5-13. Sketch of Q2 Cross Section Showing Positions
of Base and Emitter Diffusions Relative to Collector.
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When the transistor was fabricated, the n-type base diffusion was diffused into the p-type

collector. In order for the base to be n-type it must have a much higher doping level than the

collector diffusion into which it was diffused. The n-type dopants for the base are diffused into a

portion of the collector which already contains p-type dopants. The n-type and p-type dopants

tend to cancel each other at the point where the concentrations of the two dopant types are

equivalent. Additional n-type dopants are added until the concentration of the n- type dopants in

the base area are at least 1.5 to 2.0 orders of magnitude greater than the dopant concentration of

the p-type dopants already present due to the collector doping. At this point the effects of the

p-type dopants are completely overcome and the material behaves electrically as if it were n-type

material.

The preceding discussion also applies to the formation of the emitter diffusion, except in this

case, the p-type emitter diffusion was formed in the n-type base diffusion. As a result, the p-type

emitter diffusion doping concentration is at least 1.5 to 2.0 times greater than that of the base.

The doping concentration of the emitter will be very high as a result.

The doping concentration of the base diffusion can be approximated by measuring the

breakdown voltage of the base-emitter junction. The breakdown voltage of the base-emitter

junction was about 7.6 volts for three different samples of the transistor of interest. This

corresponds to a doping level of approximately 2.5 x 1017 atoms/cc (Ref. 5-3). The emitter

doping concentration will therefore be approximately 1019 atoms/cc.

5.7.2 Ionic (Sodium) Contamination Diffusion
When sodium ionic contamination is discussed in the technical literature, most references

agree that the sodium contamination is probably introduced as an artifact during the aluminum

metallization deposition process. Therefore, when it is initially introduced it can be assumed that

it exists as a layer between the aluminum and the silicon dioxide passivation as indicated in

Figure 5-15. There may also be some immobile sodium in the metallization and also some

sodium on top of the metallization. These will be neglected for the purposes of this model.

Sodium will diffuse through silicon dioxide at a rate that is very temperature dependent.

(Sodium will also diffuse through silicon nitride, an alternate passivation material, but at a rate
approximately an order of magnitude slower than through silicon dioxide.) Therefore, as time

goes by the sodium will diffuse into the oxide generating a distribution that can be represented as

shown in Figure 5-16. The positive sodium ions will attract negative carriers in the underlying

silicon. In the case of the n-type base, the additional negative carriers that are attracted to the

surface will make this region more heavily doped n-type, an effect known as accumulation. In
the case of the p-type emitter, the negative carriers (minority carriers in this region) that are

attracted by the sodium ions will tend to make the surface region less p-type. If enough negative
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Figure 5-14. Sketch of Cross Section of Surface of
Transistor Over the Base-Emitter Junction.

carriers are attracted by the ionic contamination, the surface of the p-type emitter will have more

negative carriers than positive carriers and will become inverted to n-type material. The area

where it becomes inverted is known as the inversion layer.

In most cases where ionic contamination in the passivating oxide is affecting the electrical

behavior of a device, the contamination has inverted the silicon directly beneath the oxide. In the

case of sodium or positive ionic contamination, only p-type material can be inverted. For the

PNP transistor of interest, only the collector or emitter diffusions can be affected by sodium

contamination. From previous discussions of the electrical behavior of the device, the emitter

diffusion is the area that is being affected by the contaminant. At first, this does not seem

possible since the emitter diffusion is so heavily dopCcd

Typically, heavily doped areas are immur, to being inverted since the concentration of the

contaminant is no sufficient to induce enough charge in the silicon to overcome the doping in

the silicon. However, for heavily doped junctions, contamination in the oxide can lead to a

different type of degradation mechanism.

5.7.3 Tunneling - Failure Mechanism
During a literature search for data on the quantitative effects of ionic contamination on device

electrical characteristics, a discussion of degraded gain in PNP transistors and a description of

the failure mechanism were tound. (Numerous other references regarding ionic contamination,

sodium diffusion in oyides and the effects on semiconductor performance were reviewed. These

are listed at the end of the cited references for Section 5.0.) The failure mechanism is tunneling

in the base-emitter junction induced by ionic contamination in the overlying oxide (Ref. 5-2 and

5-4). The base-emitter tunneling current does not contribute to the gain of the device but does
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increase the overall base current. Therefore, the gain or hFE which is simply IC'IB (where IC is

the collector current and IB is the base current) decreases since the collector current stays

constant while the base current increases.

The failure mechanism results when the ionic contamination (sodium) inverts a portion of the

p-type emitter area. Figure 5-17 represents the doping concentrations across the surface of the

base-emitter junction of the transistor that was degraded by ionic contamination in the negative

regulator hybrids. The n-type concentration is about 2.5 x 1017 atoms / cc in the base and

becomes p-type at a concentration of about 1019 atoms / cc in the emitter. The transition

between the two areas is depicted as a linear change (on a log scale) between these two regions.

Tl- actual transition is not important. This representation was chosen only for the purposes of

the following discussion which will not be extremely dependent on the exact shape of the

transition between the two regions.

Along the area of transition between the base and emitter regions, there are p-type doping

levels that range from zero to 1019 atoms / cc. Some of these p-type levels will be subject to

being inverted by ionic contamination in the overlying passivating oxide. As a result, n-type

regions can be formed in the area that was formerly the transition region, resulting in very

closely located highly doped p-type (represented by p+) and n-type regioais. This geometry is

susceptible to tunneling conduction between the two regions as opposed to the normal

conduction mechanisms.

Figure 5-18 shows an energy band diagram for a p-n junction. For the n-type region, the

Fermi level in the material is located nearer to the conduction band than to the valence band due

to the excess number of electrons in this area. In the p-type region, the Fermi level is located

nearer to the valence band due to a lack of electrons (or the presence of holes) in this area. When

the p- and n-type materials are adjacent, the Fermi levels from the two materials align resulting

in a potential difference between the p- and n-type regions. This potential difference is

responsible for the rectifying properties of a p-n junction.

When the junction is forward biased (as illustrated in Figure 5-19), the potential difference

between the p and n regions is reduced. With sufficient bias applied, the potential difference is

reduced sufficien tly such that current flows across the junction. With the opposite polarity

applied, the junction is reverse biased and the potential difference between the two regions

increases and further blocks current flow.
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Figure 5-15. Sketch of Cross Section of Surface of
Transistor Showing Initial Thin Layer of Sodium

Introduced During Metallization Deposition.
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Figure 5-16. Sketch of Cross Section of Surface of Transistor After
Sodium has Diffused into the Oxide. The "x" Coordinate
is Distance into the Oxide from the Metallization/Oxide
Interface. p(x) is the Amount of Sodium at Each Layer of
Oxide at Distance x into the Oxide. The Sodium
Distribution Induces a Charge in the Surface of the Silicon
Represented by QSI. TOX is the Oxide Thickness.
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Figure 5-17. Representation of Doping Levels Across Base-Emitter Junction.
Base is N-type and Emitter is P-type with Transition in Between.
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Figure 5-18. Diagram of Energy Levels in a Typical P-N
Junction (Without Bias).
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Figure 5-19. Diagram of Energy Levels in a Typical P-N Junction
with Forward Bias. Energy Level Difference Between

p- and n-Type Regions is Reduced by VF,
the Forward Bias Voltage.
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In the case of a junction between an induced n-type region and a heavily doped p-type region,

the energy band diagram can appear as shown in Figure 5-20. With the p-type region very

heavily doped, the Fermi level lies within the valence band as shown. The induced n-type region

is physically very close to the p-type region since it is an inverted portion of what previously was

a part of the concentration gradient between normal p- and n-type regions. Under these

conditions, the probability of quantum mechanical charge tunneling between the p- and n-type

regions becomes significant. (Even for typical junctions there is a probability for tunneling

between the two regions. However, because of the differences in the energy levels and the

distances involved, this probability is extremely small. Therefore, the contribution of tunneling

current to junction current under typical conditions is insignificant.)

As the amount of tunneling current increases, the base-emitter current increases with no

corresponding increase in collector current in a transistor with this mechanism. Therefore, the

gain of the transistor, which is defined as the collector current divided by the base current,

decreases. There is no appreciable change in the reverse leakage current for a junction that is

affected by this mechanism, since reverse bias increases the potential difference sufficiently that

the tunneling current probability is reduced to an insignificant level.

5.7.4 Explanation for Absence of Tunneling Failure Mechanism In Positive
Regulators

Positive voltage regulators, that are very similar in design to the negative regulators, were not

found to fail in the field or change during the screen test. It is possible that these hybrids did

contain ionic contamination in the matched transistor pair at the same levels as the matched pair

in the negative regulators.

However, the matched pair in the positive regulator are NPN transistors, which are not

susceptible to the failure mechanism found in the PNP matched pair in the negative regulators.

NPN transistors have n-type emitters which will not be inverted by sodium (positive ion)

contamination. Therefore, the tunneling failure mechanism cannot be induced in the transistors

and the positive voltage regulator hybrid will not be subject to failure by this mechanism in the

matched transistor pair.

5.7.5 Determination of Tunneling Current Magnitude
There are formulas for calculating the tunnel current but detailed knowledge of the base and

emitter diffusions and the diffusion profiles are required. Since those data were not readily or

easily available, a different approach was used for determining the tunneling current.
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Figure 5-20. In a p-n Junction with Heavy Doping (in this Case the p-Type Material is Heavily
Doped) the Fermi Level (Dotted Line) Can Ue Within the Valence Band. The n-Type
Region, Formed by Inversion of a Portion of p-Region, is Very Close to the p + Region.
In this Situation, the Quantum Mechanical Tunneling Probability Becomes Significant.
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Ref. 5-4 is a summary of experiments on various transistor structures using an additional

metallization as a gate structure to determine the effects of various contaminants on transistor
parameters. The metallization was deposited over the passivating oxide above the base-emitter

junction on the different transistors. Varying biases were then applied to this metallization.

Since the thickness of the oxide over the base-emitter metallization was known the resulting field

induced by the bias on the metallization could be determined. This induced field could then be

used to simulate the fields induced by varying levels of contamination that might be in the oxide.
Since the polarity on the gate metallization could be either positive or negative, the effects of

either positive or negative ions could be simulated.

When the metallization was positively biased over the base-emitter of a PNP transistor, the

gain of the transistor was found to decrease. This is analogous to the gain degradation that was

observed on the transistors of interest from the hybrids. The article went on to explain that this
was due to base-emitter tunneling current resulting from changes in the base-emitter junction

induced by the field in the oxide. Other references also discuss this phenomena but do not

provide as much detailed quantitative data as this reference.

Using the data from this reference, the tunneling current density vs. surface charge per unit

area was calculated for the test structure. The transistor biases and nominal operating currents
were also included in the data in the reference and can be chosen so that they are the same as the

operating conditions for the actual transistors in the hybrid. The doping profiles for the test

transistors in the reference and the actual transistor in the hybrid do not have to be known or have

to be exactly the same since the failure mechanism occurs along the concentration gradient

between the base and the emitter diffusions rather than at a particular concentration value. Since

the diffusions in both transistors were created in similar manners, the concentration gradients

would be similar enough to predict the tunneling current for the transistor from the hybrid to well

within an order of magnitude, based on the data for the transistor in the reference.

Once the. tunneling current has been determined for the transistor, the change in gain for the

transistor can be determined. This gain change will then determine the output voltage change for

the overall hybrid.

5.7.6 Hybrid Output Voltage vs. Transistor Gain Degradation

The data for the computer simulation of the hybrid circuit were used to determine the

resulting output voltage for a particular value of gain for transistor Q2. The model for the ionic

contamination failure was ultimately used to predict the lifetime of the hybrid under particular

operating conditions. The criteria for failure was the module specification limits for the hybrid

output voltage. This voltage was then used to determine the amount of gain change required for

the hybrid to shift to this voltage.
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5.8 MOBILE IONIC CONTAMINATION (QUANTITATIVE DISCUSSION)
The preceding section discussed the general approach for the ionic contamination model.

This section provides a detailed discussion of the model with quantitative data produced by the
model. The model was coded in Tasks VII and VIII, and the software was delivered to the Air

Force.

5.8.1 Overall Approach
Figure 5-21 is a flow chart representing the overall model for the ionic contamination

mechanism. The sodium ion diffusion model predicted the diffusion profile of sodium ions in
the oxide of the transistor vs. time. Also, this model was used to calculate the resulting charge

vs. time induced in the underlying silicon. The charge induced in the silicon was then input into
the data from the reference on tunneling currents to predict the amount of tunneling current
which was then translated into change of gain vs. time. The maximum allowable change in gain

was obtained from the computer simulation of the hybrid circuit.
ICIRCUIT

MODEL

,MAX AH-FE
[ NA+ OsIlo )  TUNNELING A H'FEMt) MAXIMUM

DIFFUSION -" CURRENT AH'FE
MODEL MODEL ALLOWABLE

Figure 5-21. Flow Chart for Ionic Contamination
Induced Inversion Model.

By observing the change in gain vs. time, the point at which the maximum allowable gain
change is reached can be determined. This point corresponds to the predicted time that the
hybrid will operate without failure. This time is referred to as the FFOP (Failure Free Operating

Period) of the hybrid.

5.8.2 Sodium Ion Diffusion Model
Referring back to Figures 5-15 and 5-16, p(x) represents the distribution of sodium ions in

the oxide throughout its total thickness Tox. Each point, p(x), represents the charge in a layer of

oxide x distance away from the metallization. The function p(x) was calculated using standard

diffusion formulas.
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For an initially limited source, that is, where the source of the diffusing element is finite

(Ref. 5-3):

C ( , t) =X 2

YcDt e(5-1)

where:

C(x,t) = concentration of element at point x at time t

S = initial surface concentration of diffusing element

D = diffusion coefficient of diffusing element.

There would be very little difficulty in programming this equation and providing the

distribution of sodium ions at any point in time. However, there are two complications that make

this problem much more difficult:

(1) The above equation is for an infinitely thick medium

(2) D is dependent on temperature !according to the following formula:

D = Do exp (-EA/KT) (5-2)

where:

Do  = diffusion constant at known temperature

EA = activation energy

K = Boltzmann's constant

T = absolute temperature

These complications to the problem are solvable. The equations and model for solid

diffusion are similar to heat conduction problems that have already been solved. Basically, the

approach is to calculate distributions for a time and constant temperature interval and then use

this as the initial point for the next interval. The initial value of the sodium ion surface

concentration, S, was estimated to be on the order of I x 10 exp 14 atoms/cm 2 based on data

from the technical literature. Of course, the actual value for this specific transistor could be

orders of magnitude different from this "typical" value from the literature.
Values of EA and D were also obtained from the literature (Refs.5-5 through 5-8). The value

used for EA was 1.4 eV and D was 2.16 x 10-16 cm2/sec at 125 C.
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5.8.3 Charge Induced In the Silicon
Once a distribution of sodium ions has been determined for a particular time, the charge

induced on the underlying silicon can be calculated using the following formulas:

Q M = T0 x p (x) dxTOX (5-3)

= | Tox'X p()d

f Tox (5-4)

where:
QM = charge induced on the metallization by the sodium

QSI = charge induced in the silicon by the sodium

Tox = total oxide thickness

The oxide thickness was initially estimated to be 1 micron. This value was later verified by

actually cross-sectioning one of the transistor chips and measuring the oxide thickness. The

measured thickness was 1.0 micron.

A computer model was developed for determining the charge induced in the silicon by a

sodium ion distribution at a particular time. The amount of surface charge was determined up to

a point where a "critical level" of surface charge was obtained. The "critical level" is defined as

the point where sufficient charge has accumulated to degrade transistor gain sufficiently that

hybrid output is outside of specification limits.

The initial calculations were simply an integration of the form

K I X exp (- X2 K2 ) (5-5)

If a critical level of surface charge had not been reached by the time some of the sodium ions
had reached the silicon surface (the finite thickness condition), then the sodium ion distribution
would have had to be numerically integrated. Numerical integration also has to be used if

distributions have to be calculated for time intervals at different temperatures.

Using the quantitative data from the previously mentioned reference, it was determined that a
surface charge of about 7.5 x 10-12 charges / cm 2 would correspond to the "critical level" of

surface charge. With this amount of surface charge induced in the transistor, the gain of
transistor Q2 would decrease to the point where hybrid output voltage would increase to the

maximum module specification limit of -12.25 volts.
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Figure 5-22 shows the initial outputs of the computer model. The graph produced by the
computer shows the charge induced in the silicon (QsI) normalized to the initial sodium ion
concentration (QNa+) vs. time for various temperatures. By normalizing the induced charge to

the initial sodium ion charge, assumptions regarding the amount of initial sodium charge were
neglected at this point. It can be seen that, at temperatures of 100 C or less, it will take thousands
of hours to reach an induced silicon charge equivalent to only 10% of the initial sodium charge.
For a temperature of 125 C, this time is reduced to only about 80 hours. However, in these
examples the transistor could further degrade to a much larger extent if subjected to additional
temperature since the sodium ions have not reached an equilibrium distribution where QSI/QNa+

= 0.5.

If the sodium were allowed tc diffuse for an infinite amount of time, the final distribution
would be an even distribution of sodium throughout the thickness of the oxide. Under these
conditions, the charge induced in the silicon would be equivalent to one-half of the total number
of sodium ions that were initially introduced in the oxide. This amount of surface charge
corresponds to having all of the sodium ions distributed halfway between the metallization and
the silicon, at x = Tox/2.

However, the contamination screen that was applied to the hybrids resulted in large voltage
shifts in the hybrids in only 48 hours (see Section 5.4). One hybrid output voltage even shifted
beyond the specification limit allowed by the module specification.

Even more significant is the fact that the hybrids did not degrade any more when subjected to
additional high temperature testing. It was as if they had already reached an equilibrium
distribution of sodium ions after only 48 hours (or sooner, since no data were taken at any
intervals between the initial value and the first end point value at 48 hours).

The previous calculations and computer model assumed that the transistors were biased as
they normally are in the hybrid. That is, the base-emitter junction is forward biased with only
about 0.5 to 0.6 volt across the junction. However, in the HTRB step of the hybrid
contamination screen, the base-emitter junction of the transistors is reverse biased with 5 volts
across the junction. Since the base metallization crosses over the junction, there was a field of 5
volts across this oxide. The HTRB base bias of +5 volts with respect to the emitter tended to
drive the sodium ions away from this metallization toward the junction, especially toward the
emitter. This field that resulted from the HTRB test apparently had a large effect on the sodium

ions.
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5.8.4 Modification of Model to Include Reverse Bias
It was decided to modify the computer model to include the field induced across the oxide by

the reverse bias. (The lateral field induced across the base-emitter junction was neglected to
make the geometry of the problem simpler.)

There were two approaches that were considered for including the reverse bias in the
model. The first was to directly solve Fick's second law modified to include the reverse bias.
The following equation (Ref. 5-9) shows this modification:

-" = D x2- -- (5-6)

In this equation, we have (Refs. 5-3 and 5-10)

SREVERSE BIAS VOLTAGE)
OXIDE T ICKNESS ) (5-7)

eD
(5-8)

where:

v = velocity of the diffusing ions

p = mobility of the diffusing ions

L' = electric field across the oxide.

This approach would have been very difficult even using a computer model, especially when
the effects of varying the temperature and the finite medium are taken into account.

The second approach that was evaluated, and ultimately used, was to use a mathematical
device to solve the problem. First, a mathematical substitution known as Smolukhovskii's
substitution (Ref. 5-10) was used:

Vx Vt

C = e -"- "hC* (5-9)

Then Fick's second law was solved based on this new variable:

aC * 02C *

7t- D 2 Cx (5-10)Ot x2

This was then modelled on the computer and new curves of sodium distribution vs. time were

calculated for 125 C.
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Figure 5-23 shows these curves for the reverse biased case and for the unbiased (or normal

bias) case. It can be seen that the reverse bias greatly accelerates the diffusion of the sodium

ions. The sodium ion distribution achieves an effect equivalent to an equilibrium distribution

(QsI = QNa+12 ) in only 34 hours under HTRB conditions. In comparison, Figure 5-22 shovis

that unbiased diffusion will require more than 1000 hours to have this sane effect.

The reverse bias curve explains another detail that was seen during the HTRB performed in

the hybrid contamination screen. For periods of HTRB greater than 34 hours, the sodium

contamination will be driven beyond an equilibrium distribution. That is, the "average position"

for the sodium ions will be closer to the silicon than that for the equilibrium condition.

The HTRB in the screen was performed for 48 hours. Examination of the data for the

negative regulators presented in Figure 5-6 shows that the devices with the largest output voltage

shifts did recover slightly when they were baked without reverse bias. This - uld be a result of

the sodium ions "back-diffusing" from th distribution resulting from the HTRB. As the

distribution approaches the equilibrium condition, the transistors recover slightly since the
"average position" of the ions is now farther away from the silicon.

5.9 MODEL OF SURFACE CONTAMINATION MECHANISM

It has been shown that surface contamination caused the output voltage of some of the fielded

negative regulator hybrids built in 1981 and 1982 t, -hange. The failure mechanism was found

to be occurring on a thick film resistor. Apparently, the surface contamination bridged a laser

trim on the resistor causing the resistance to decrease.

Unlike the ionic contamination failure mechanism, very little data or information regarding

the exact contaminant or behavior of the contaminant was available for the surface contamination

mechanism. After the effects of the mechanism had been documented, an unbiased bake of the

hybrids exhibiting the mechanism caused the hybrids to return to a normal operating condition.

The failure could not be repeated or induced again by additional tests. Apparently, the bake

caused the contamination that was initially causing the failure to disperse within the hybrid.

Additional analyses on the resistor after the hybrids had been opened did not reveal any

additional information regarding the exact nature of the failure mechanism or the contaminant

causing the failure.

This failure had some similarities to the ionic contamination failure mechanism. The hybrids

failed only after having functioned for a period of time in the field. The failure mechanism was

reversed by subjecting the hybrids to an unbiased bake.

The main difference was that the surface contamination failure mechanism could not be re

induced by additional operation of the hybrid. This difference was assumed to be due to the

nature of the contamination. In the case of the ionic contamination failure mechanism, the
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contamination is most likely sodium that is trapped in the oxide on the transistor. The bake only

tends to redistribute the sodium within the oxide to decrease its effect on the underlying silicon.

In the case of the surface contamination, the bake apparently dispersed the contaminant

throughout the hybrid. There would not be a large tendency for this contaminant to return to the

resistor to recreate the failure.

5.9.1 Details of the Surface Contamination Failure Mechanism

As noted previously, there was not a lot of data or information regarding the surface

contamination failure mechanism. However, some details of the mechanism can be hypothesized

based cn the known behavior of the hybrid and the individual resistor that was affected.

The contamination that caused the failure was probably in place on the resistor when the

hybrid was sealed. There are no unusual biases on this resistor that would tend to preferentially

attract a contaminant that was generally dispersed in the hybrid. Also, there were two hybrids

that exhibited virtually the same behavior on the same resistor. Both of the hybrids passed their

initial electrical tests and then functioned in the field without failure for several years.

Because of the above reasoning, the surface contamination failure mechanism was proposed

to be modelled in a manner very similar to the ionic contamination failure mechanism. It was

hypothesized that a contaminant was present on the surface of the resistor at the time the hybrid

was sealed. As time went by, the contaminant diffused through the passivation that forms on the

surface of the resistor.

The resistor consists of a metal oxide suspended in a glassy matrix. When the resistor is

deposited, it tends to self-passivate, forming a glassy oxide on the surface. When the resistor is

trimmed to value, a laser cut is made in the resistor as illustrated in Figure 5-2. This laser cut is

made in a regular atmosphere and also forms a self-passivating layer along the edges of the laser

cut. Apparently, the contaminant is diffusing through the passivation over the edges of the laser

cut and causes the resistor to decrease in value over a period of time. When the hybrid was

baked, the contaminant was dispersed sufficiently that the failure mechanism could not be re-

induced.

5.9.2 Model for Surface Contamination

Figure 5-24 is a flow chart of the proposed model for the surface contamination failure

mechanism. (It can be seen that it is very similar to the ionic contamination model flow chart

shown in Figure 5-21.) A diffusion model determines the amount of contaminant that diffuses

through the surface oxide on the resistor vs. time. This contaminant acts as a conductor across

the resistor laser cut forming a parasitic current path which decreases the effective resistance of

the resistor.
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Figure 5-24. Flow Chart for Surface Contamination
Failure Mechanism Model.

The an'ount of conducting contaminant, QC(t), determined from the diffusion model is then

converted into a resistance which is also dependent on time. The parasitic resistance and the

original thick film resistor can be merged to determine the value of the overall resistance change

versus time, AR(t).

As in the case of the ionic contamination model, the computer simulation of the hybrid

circuit could be used to determine the maximum resistor change, MAX AR, that could be

tolerated with the output of the hybrid remaining within the specification limits of the module.

Using the change in resistance vs. time data generated by the rest of the model, the time at which

the maximum allowable resistor change occurs can be determined. This time is referred to as the

FFOP of the hybrid.

The equations for calculating the diffusion of the contaminants through the passivation on the

resistor are going to be similar to those used for the ionic contamination diffusing through the

silicon dioxide on the transistor. Unfortunately there are too many unknowns for the surface

contamination failure mechanism to proceed any farther than the outline of the model. For

example, the contaminant causing the problem was not identified. Therefore, the diffusion

constarts, probable amounts of initial contaminant and activation energy are unknown. Also,

since the contaminant was not identified, the amount of parasitic resistance that is generated for a

given amount of contaminant cannot be calculated.

A factor in this resistor which would complicate the formation of a computer model is the

surface passivation. The composition and thickness of the ;esistor passivation would not be

uniform as in the carefully grown oxide which is present on the transistor modelled previously.

This could possibly be solved by the use of an "average" thickness and composition based on

careful analyses of the actual resistors in the hybrids. However, this could result in large errors

when comparing to a thick film resistor in an unknown hybrid.
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A second factor which would tend to complicate the models is the fact that the laser trim cut
would have different dimensions, especially length, from hybrid to hybrid. Careful

photodocumentation of the resistors prior to sealing the hybrid could possibly provide a solution
to this problem. However, in the case of the hybrids that were to be used in the CERT, this

information was not available.

5.9.3 Additional Data from Hybrid Screen
The lack of a quantitative model for the surface contamination mechanism probably will not

impact the determination of an FFOP for the hybrids that were placed in the CERT described in
Section 6.0. The data from the hybrid contamination screen indicated no-evidence of the surface
contamination mechanism on the resistor between hybrid pins 21 and 24 in any of the positive or
negative regulators. The largest change in percent seen in this resistor for the negative regulators

was +0.04% and for the positive regulators was +0.21%.

The resistor between hybrid pins 21 and 24 is the resistor that was affected by the surface

contamination failure mechanism in the hybrids from the field. The field failures exhibited

changes of -8.0% and -16.0% for this resistor.
Some of the other resistors in the hybrids exhibited slightly higher percent changes in

resistance during the hybrid screen. However, all of these larger percentages were associated

either with resistors whose stability does not impact the output voltage or the larger percentages

were associated with data measurement limitations.
In summary, the hybrid contamination screen revealed no definitive evidence that the surface

contamination failure mechanism was affecting the resistors in the hybrids that were to be used

for the CERT. Therefore, this failure mechanism will not be a limiting factor for the FFOP of
these hybrids.
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6.0 COMBINED ENVIRONMENTS RELIABILITY TEST
(CERT)

This test is summarized in Ref. 6-1.

6.1 SUMMARY
The four modules, specially fabricated/inspected as described in Sections 4.0 and 5.0, were

subjected to a thermal/power cycling reliability test. The modules underwent nearly 500 thermal
cycles, between ambient temperature and temperatures much higher than in normal flight,
without failure. This section describes the following:

- test setup

- special test equipment

- evaluation of indications of failure

- nondestructive inspection of the modules

- results.

6.2 APPROACH

6.2.1 Plan
The test plan is included here as Appendix R. The following appendices in the plan have

been deleted from this report:

a. Photographs of digital module (already in Figure 2-1)

b. Photographs of analog module (already in Figure 2-2)

c. Protection of static sensitive devices (deleted for brevity; standard Hughes procedures
were used)

d. Test specification for digital module (deleted for clarity because major modifications
were made for the EFRM CERT)

The companion life cycle environmental profile plan is included as Appendix S. The life
cycle environmental profile was developed with the aid of the following analyses:

* Failure Free Operating Period (FFOP) prediction for the test specimens, which is
documented in Appendix T.

" Prediction of sensitivity of FFOP to CERT temperature range (Appendix U).

• Transient thermal analyses of modules (Appendices V and W).

6.2.2 Subsequent Modifications
The following modifications to the plan were made as a result of subsequent developments:

• The test station was modified and upgraded, as described in Section 6.5.
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" Additional alarms and automatic shutdown provisions were implemented, as described in
Section 6.5

" Periodic inspection of the modules using holographic interferometry (HI) was concluded
to be too expensive and technically risky, and therefore was not used (see Section 6.6).

• The descope required by the reduction in the total amount of the contract (see page 1-3)
resulted in the deletion of the following:

- the final 600 of the planned 1,100 CERT thermal cycles

- the vibration test, described in Section 5.4 of Appendix S, planned for modules
surviving the CERT.

- the post-CERT inspection using HI.

6.3 ENVIRONMENTAL STRESSES

As described in Appendix S, the environmental stresses in the CERT were selected on the

basis of:

- failure analysis of failed modules of these part numbers from the field, which indicated
that vibration is not a significant contributor to failures of these modules (see Section 3.0).

- a prediction (Appendix T) that the plated through holes (PTHs) in the PWBs have the
shortest failure free operating period (FFOP) of any element in the modules.

Accordingly, the modules were thermal cycled between ambient temperature and

temperatures much higher than in normal flight.

Thus the CERT consisted of the following combined environmental stresses:

- temperature cycling

- power cycling.

This enabled a much simpler test setup than would have been possible with vibration

combined with the other environmental stresses.

With the aid of the FFOP prediction in Appendix U, the duration of the CERT was planned

for 1,100 cycles. However, budget limitations forced the CERT to be terminated after just under

500 cycles. As described in Section 6.7, none of the four test specimens failed or showed any

sign of aging.

6.4 TEST SETUP

The test setup is shown schematically in Figure 6-1 and in photographs in Figures 6-2

through 6-6. Its key features are as follows:

- A simple test fixture (shown in Figures 6-2, 6-3, 6-5, and 6-6) was used. An

environmental chamber was not required. The modules were simply covered with

(Text continued on page 6-9.)
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insulation, as shown in Figures 6-2, 6-3, and 6-5. The insulation materials were 1-inch-
thick black foam polyurethane and 1/4-inch-thick white Fiberfrax (an asbestos
replacement). Thermal surveys, described below, verified the effectiveness of the
insulation.

- The thermal cycling was accomplished by cycling the module coolant inlet temperature
and by on-off power cycling.

- The modules, which are forced-air cooled in flight, were cooled with gaseous nitrogen
(GN2) supplied by a common plenum, as shown in Figures 6-1, 6-3, 6-5, and 6-6. Thus
each of the four modules had the same coolant inlet temperature profile.

- The modules were oriented vertically (see Figures 6-2, 6-3, 6-5, and 6-6) so that they
could be viewed periodically for signs of aging. They were covered with quickly
removable insulation for this purpose. (Figures 6-2, 6-3, and 6-5 show the insulation on.
Figure 6-6 shows the insulation off.)

- The hot part of the thermal cycle was accomplished by operating the modules with the
same coolant flow rate as in flight but a coolant inlet temperature 30 C higher than
nominal. The test specimen part temperatures were controlled by varying the coolant
plenum temperature. The maximum plenum temperature required to produced the desired
maximum test specimen temperatures was established empirically by thermal surveys,
aided by steady-state thermal analyses of the modules (Appendices F and G). The
thermocouple measurements were checked by comparison with the predictions of the
thermal analyses, as described in Appendix X.

- The modules were cooled to ambient temperature by:

- turning off their power

- decreasing the coolant inlet temperature to ambient

- increasing the coolant flow rate by a factor of about 3.5 (see Figures 6-1, 6-4, 6-5).

This succeeded in achieving a 2-hour cycle without the need for refrigeration, as verified by

the thermal survey results shown in Figure 6-7. (The effectiveness of the insulation is shown in

Figure 6-7 by the rapid temperature decrease when the insulation is removed.) The plenum

temperature profile was established by the transient thermal analyses of the modules (Appendices

V and W) and verified by thermal surveys.

6.5 SPECIAL TEST EQUIPMENT

6.5.1 Test Station Function and Operation
A custom test station, to power and monitor the modules, was designed and assembled (see

Figure 6-2). This special test equipment (STE) performed the complete manufacturing

functional tests on the modules.
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In production, the maitifacturing functional tests are performed with ambient-temperature

coolant. Fortunately the functional performance was the same at elevated temperatures as at

nominal. If this had not been the case, we would have had to establish the functional

performance at elevated temperature to determine failure criteria.

For the linear (analog) modules, the test consists of monitoring the output voltages. Resistors

simulated the analog module loads in a radar unit, as shown in Figure 6-3.

For the digital modules, the test consisted of:

- applying about 1,000 logic states (called test vectors) to the inputs

- reading the resultant states of the outputs

- comparing the output states to a table of expected states.

This test employed a diagnostic connector (shown in Figure 6-6), m .hich is not present during

flight. The absence of vibration enabled this diagnostic connector to be connected during

environmental stressing.

The test of each of the two linear modules lasted about 1/2 minute, and the test of each of the

two digital modules lasted about 2-1/2 minutes. Thus each test specimen was testkd about a

dozen times during each 75-minute CERT thermal cycle.

The linear module test specification (Appendix E of Appendix R) requires testing at two

conditions, one of which is much higher power than the other. To prevent overheating at the

higher power condition, this condition was used only for brief periods with the coolant at

ambient temperature. Every time the test station was rebooted, which happened about once a

week, the following sequence occurred:

Start (0 min):

- Digital module power on.

- Lin'ar module power on at condition 2 (55 W).

- Test linear modules.

After completion of linear module test (approximately 1 min):

- Linear module power at condition 1 (15 W).

- Open valve allowing GN2 to pass through heater.

After completion of series of tests ef all modules in progress 75 minutes after start:

- Power off all modules.

- Close valve that allows GN2 to pass though heater.

- Open valve for high-pressure GN2 bypass line.

120 minutes:

- Digital module power on.
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- Linear module power on at condition 1 (15 W).

- Open valve allowing GN2 to pass through heater.

After completion of series of tests of all modules in progress 75 minutes after start of cycle:

- Power off all modules.

- Close valve that allows GN2 to pass through heater.

- Open valve for high-pressure GN2 bypass line.

240 minutes:

- Repeat 120- to 240-min cycle.

360 minutes:

- Repeat 120- to 240-min cycle.

6.5.2 Test Station Development

The following problems had to be overcome in the development of the test station.

• electromagnetic interference (EMI) in the test fixture

" incompatibility of digital module test patterns with ERFM test approach

" test station hardware and software problems

" false indications of digital module failures

6.5.2.1 Test Fixture

The test fixture was reworked to reduce EMI:

- Added capacitors in parallel with input lines to reduce edge rates

- Isolated and shortened clock and clear lines

- Shortened and isolated all input lines

- Minimized ground line length by installing additional bus bar

- Provided common ground point for all signals and supplies

- Unbundled and shielded output wires

- Selectively masked in test pattern

These measures appeared to reduce the EMI to an acceptable level.

6.5.2.2 Digital Module Test Patterns

We found that the test patterns presently used on the Hewlett-Packard DTS-70 are

incompatible with our test approach. The patterns are used on the DTS-70 with an adapter

containing multiplexers and other active circuitry. They do not represent direct input and output

'atcs at the module connectors. Also, the masking information (that is, when to ignore certain
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outputs) is not present in the patterns. Translation was impractical, due to the complexity of the

adapter and the scarcity of documentation.

Since we were unable to use the existing test patterns, we had to develop our own.

Developing patterns based on the circuit diagrams would be time-consuming and costly. So we

decided to generate pseudo-random input vectors, apply them, and capture the resulting output

states. We used these output states to compare against the outputs of the modules during the

CERT. If an output changed, we assumed the module failed.

Using pseudorandom inputs, we were able to capture output patterns to create a repeatable

test for the digital modules. This required some experimentation but, by modifying the input

patterns and masking selected output states, we arrived at a repeatable test pattern for the outputs

connected to the main Summation test frame. These comprised 103 of the digital module 276

outputs.

The remaining 173 outputs are connected to the Summation expansion box. The results from

the expansion box were still unstable, after EMI reduction stabilized the main frame results. We

determined that the expansion box was not synchronizing properly with the main frame.

After a fruitless pursuit of a solution to the synchronization problem, we decided to partition

the test. We copied the input states to the expansion box, and ran the main frame and expansion

box tests serially rather than concurrently. This yielded a stable test on nearly all the pins in the

expansion box. Also, since all the inputs are operated in both tests, there is no change in the

module duty cycle.

These actions achieved a stable test for all but 12 of the module 276 outputs. Six of these

12 outputs are not monitored in the factory and depot tests. The remaining six outputs are from

the following integrated circuits:
Junction

Temperature
Output(s) Dissipation in Normal Operation

IC Not Monitored (W) (OC)

U1606 1 0.099 64
U2409 1 0.053 53
U2609 3 0.053 56
U2711 1 0.118 62

(The in-flight junction temperatures were predicted by the thermal analysis documented in

Appendix F.) These four ICs have low dissipations and junction temperatures compared with

other ICs on the module, some of which dissipate more than 0.5W and have junction

temperatures over 90*C. Therefore, it was unlikely that any of these four ICs will be the first to

fail in the CERT. Thus, masking these six outputs appeared to produce very little risk of

compromising the program objective.
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At the end of December 1990, we had a stable test for the digital modules.

6.5.2.3 Test Station Software
During the early part of the CERT in March 1991, the test station computer occasionally

"crashed," shutting down the test. We isolated the cause of the computer "crashes" to memory

allocation problems in the Microsoft Windows operating system.
We developed a workaround solution which provided continuous operation, but required a

technician to perform a simple keyboard operation every four cycles. This would mean a

maximum unattended operating period of 8 hours. Since the laboratory is manned nominally

Monday morning through Saturday morning, we would be able to perform the CERT test, but we

would lose a significant portion of the weekends.

To solve this problem, in April 1991 we upgraded the Test Station operating system from

Microsoft Windows 2.1 to Microsoft Windows 3.0. Version 3.0 is widely known to be much

more stable and serviceable than earlier versions. This proved to be true-the memory allocation

crashes disappeared entirely.
The new software had one small problem. Possibly due to the longer operating time, we

began experiencing random communication bus failures, after 1 to 10 hours of operation. A

minor revision to the test software eliminated the problem.

6.5.2.4 Digital Module Failure Criteria
Numerous indications of failure interrupted the CERT. However, examination of the test

station failure data log and of electrical performance and temperature data indicated that these

failure indications are false.

During the course of test station integration and CERT, we adjusted the criteria for

identifying module failures. We determined several conditions which were apparent failures, but

were not due to failure of the modules under test. In most cases, these apparent failures were due

to test fixture or other hardware problems:

Same Failure on Both Modules. It is extremely unlikely for both modules to fail at the same

time in the same way. When such failures occur, the Summation test hardware is at fault. The

same hardware is multiplexed to test both modules, producing identical failure vectors. These
paired failures can begin at any time during the CERT test, and usually continue for several test

iterations. We masked these failures in the CERT test.

Output Patterns. The test station software is not able to examine the captured output

patterns. We examined them manually to determine the validity of several instances in which the

test station reported a failure. We discarded failures which showed massive blocks of zeros on

complimentary outputs, which indicated a failure of the test hardware or software.
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The software upgrade virtually eliminated this false failure mode. To upgrade the operating

system, we had to upgrade the test software, from Summation's "TestWindows" to

"TestWAVE." This was also a desirable upgrade. According to Summation, TestWindows is no

longer fully supported, and TestWAVE handles large patterns much better.

Single Event Failures. In some cases, failures occurred only once, or several times, then did

not repeat. There was no pattern of the failures corresponding to test duration or instantaneous

test specimen temperatures. The same module would pass repeatedly after registering a failure.

These results probably were caused by remaining EMI problems in the test fixture.
To mask these failures, we programmed the test station to report a hard failure only when a

module failed 10 times in a row on the same vectors. (This technique is known as filtering and is
used in some Hughes Aircraft Company radar systems to reduce false alarms and "cannot

duplicates.")

In one case where there appeared to be a module failure, we replaced the test specimen with

one of the known good modules. The failure remained, and was presumably due to fixture or test

hardware problems. We masked the pins and vectors which were failing, and continued the

CERT. The ability of the Summation test equipment to mask individual signals and test vectors

allowed us to minimize the effect on fault coverage.

6.5.3 Automation of Operation, Monitoring and Data Recording
The test station was integrated with the environmental test laboratory control system to

enable unattended operation, monitoring, and data recording on evenings and weekends. Upon

detecting a failure of one of the test specimens, the test station:

- sounded an alarm

- stored diagnostic information

- shut down the test by activating the cooldown portion of the thermal cycle shown in
Figure 6-7.

Alarms and automatic shutdown al-o were implemented for:

- excessive plenum temperature

- coolant GN2 heater failure (plenum temperature not increasing to 180 F within specified
period after heat command)

- insufficient coolant flow (excessively low plenum pressure)

- test station computer failure (watchdog timer).

These are shown schematically in Figure 6-1. The controllers and instrumentation are shown

in Figures 6-4 through 6-6.
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6.6 INSTRUMENTATION AND INSPECTION

6.6.1 Control and Monitoring of Test Conditions
Test conditions were controlled by a thermocouple and a pressure transducer on the coolant

inlet plenum. The plenum temperature and pressure were recorded on the laboratory automated
data system and displayed, as shown in Figure 6-4. The plenum temperature also was recorded
on circular charts.

Thirty thermocouples were mounted with epoxy on the modules - 10 on each of the digital
modules and 5 on each of the analog modules. The locations, shown in Figures 6-8 and 6-9,
were chosen on the basis of the thermal analyses and the special inspection of the parts:

" highest junction temperature

" highest mounting surface temperature

• largest thermal time constant

" integrated circuits found (see Section 4.0) to have rejectable:

- die attach

- particles

- hermetic seal leakage

* hybrid microcircuits for which earlier SINs failed in the field (see Section 3.0).

These data were recorded and displayed as shown in Figure 6-4.
The plenum temperature, plenum pressure, and module temperatures were recorded every 10

minutes. Once a week, the sample rate was increased to every 10 seconds for one CERT thermal
cycle. These high sample rate data were tabulated and plotted for evaluation of trends.

6.6.2 Nondestructive Evaluation
Two methods were considered for periodic inspection of the modules to determine signs of

aging:

- holographic interferometry (HI)

- infrared (IR) thermography.

6.6.2.1 Holographic Interferometry
MetroLaser, Irvine, California, was awarded a subcontract to perform a survey of optical

nondestructive test methods to determine the best approaches for both on-site and off-site testing
of the modules during CERT and to estimate the cost of these approaches (Ref. 6-2).

MetroLaser identified three optical techniques that would be applicable to the EFRM
Program testing requirements:

* Holographic Interferometry
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• Electronic Speckle Pattern Interferometry (or TV Holography)

* Electronic Shearography.

Holographic interferometry was judged to be the optimum choice because of its superior
resolution capability. Requirements for the monitoring of the modules during CERT required

that defects such as lifted solder pads and cracked solder joints be detectable. Only holographic

interferometry offered this level of resolution.

On-Site Testing: In their report, MetroLaser outlines several cost options for on-site testing

depending on type of equipment and on whether Hughes were to buy or rent this equipment. Of
these, the most cost effective option for the EFRM Program would be the rental of what

MetroLaser refers to in their report as System 1: a Newport Research Corporation HC-1000
holocamera and associated hardware.

Besides the costs of the purchase order to MetroLaser for the on-site testing, there would be
additional costs to the program from internal efforts associated with the test plan. The 35mW

HeNe laser utilized in the HI test system is considered a Class 3b laser. Since the beam would

not be completely enclosed in the test setup, various safety considerations must be addressed.
These include an enclosure for the test area (this would be required in any event to attenuate

ambient light levels) with warning signs and a flashing beacon, training and certification of the

operators, a written standard operating procedure, and a laser eye exam for the operators. Also,
Hughes personnel would be required to monitor and facilitate the testing while it is being

conducted.

Off-Site Testing at Intervals During CERT: Testing of the modules off-site at intervals

during CERT was investigated due to its significantly lower cost. Off-site HI testing would not
provide the realistic stress conditions of the temperature cycling under power that on-site testing
would. However, HI testing at MetroLaser was effective in the testing program performed at

intervals during fabrication of the modules (see Section 4.0). Off-site testing, as quoted by
MetroLaser in their report, would consist of removing the modules from CERT once ea, h month

during the 6-month environmental testing program for a 3-day sequence of HI inspection.
Additional costs to the program involve Hughes personnel transporting and handling the

modules.

Off-Site Testing at Failure or End of CERT: Another option considered was that of HI
testing of the module off-site by MetroLaser only after they fail or at the end of CERT. This

option would require at most four individual HI inspections of one day each, assuming that each
of the modules fails at a different time, and at least one 3-day test sequence if none of the
modules fail and they are all tested together at the conclusion of the CERT.
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On-site HI was concluded to be too expensive and technically risky. Off-site testing at

intervals during CERT was concluded to be of insufficient benefit to justify its cost and risk of

damage to the modules from handling. Off-site testing at failure or at the end of the CERT was

planned, but was deleted as part of the program descope. Thus HI was not used.

6.6.2.2 Infrared Thermography
The purpose of this effort was to detect any changes in temperature which might indicate an

impending failure by taking thermograms of the units under test at the beginning of the test and

at various intervals during the life test. The first set of images was used as a baseline set of

temperatures, with each subsequent image compared to the baseline to detect any changes in the

module temperatures. (IR thermography also was used in this way in the tests reported in

Ref. 6-3.)

The fundamental concept behind this approach is the ability to electronically compare two

images to detect any changes from one to the other. This is accomplished by using a specially

equipped computer to digitize video images generated by the Probeye 7300 thermography unit.

These images are stored on magnetic media for future use. By using the TIMS (Thermal Image

Management System) software, one image can be subtracted from another, generating a third

image which would highlight any differences in the original images.

This approach is only valid if both images have the same temperature range and number of

levels, and if the spatial arrangement does not change from one image to the other. The latter

was accomplished by building a holding fixture for the Probeye imager which is permanently

attached to the base of the test apparatus, thus ensuring that the location of the imager with

respect to the modules did not change each time the test is performed. The fixture is shown in

Figure 6-10. The distance between the imager and the modules was approximately 20 inches to

enable scanning of the entire module surface without moving the imager. The fixture had six

mounting positions for the Probeye, four to view each side of the two sided modules and two to

view each of the single sided modules.

Equipped with the standard optics, the Probeye 7300 will resolve temperatures of features as

small as 0.05 inch at a distance of 20 inches, while the detector sensitivity is 0.1°C. This

combination of spatial resolution and temperature sensitivity makes the Probeye 7300 ideally

suited for this application.
The thermographic imaging was performed at the beginning of the CERT while in the hot

phase (power on, 63*C coolant inlet) before cycling began. Subsequent thermograms were taken

at the end of a hot phase (steady-state conditions) before transition to cold phase.
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The temperature range and other image parameters were fine tuned during the first session,
and the same settings were used for all the following measurements in order to enable accurate

comparison of images.

IR thermography was used successfully, as it was in the tests reported in Ref. 6-3. It proved

to be simple to use.

IR thermography was very helpful in answering questions raised by the contact
(thermocouple) temperature measurements. During the CERT, some of the thermocouples

indicated that some locations on the test specimens were becoming cooler. This could have been
a sign of aging. However, IR thermograms showed that these temperatures were not changing.
The decrease of the thermocouple outputs was attributed to debonding of the thermocouple
junctions from the modules resulting from the thermal cycling. On one occasion, all the
thermocouple readings on one of the modules decreased. IR thermography showed this to be due
to the insulation on that module having been installed improperly after being removed.

6.7 RESULTS
The CERT was conducted during the period 22 March 1991 through 7 Jane 1991. It is

documented in Ref. 6-4.
The module underwent nearly 500 CERT thermal cycles, between ambient temperature and

temperatures much higher than in normal flight (see Figures 6-8 and 6-9) without failure.
Some of the laboratory hardware maintained at ambient temperature failed during the long-

term test. For example, a wire in the watchdog timer circuit shorted on 30 May 1991. One such
laboratory hardware failure caused the test specimens to stay at high temperature, rather than
cycling, while unattended during the Memorial Day weekend; they operated normally afterward.

The analog modules showed only a single indication of failure in the entire CERT. Since the
failure never repeated, we assumed it was spurious. As an additional precaution, we examined
the data log files from the CERT, and found no significant changes in the analog module outputs
during the CERT.

Thermographs were taken at the beginning of the test, approximately midway through the
test, and at the end of the test (approximately 490 cycles). The purpose of this effort was to use
IR thermography as a tool to detect any changes in unit temperatures during the course of the test
which might indicate an impending failure. Three sets of thermographs were taken on each card
tested. The temperatures were compared via image subtraction. The maximum temperature
variation from beginning to end of the test found on any of the cards was approximately 21C.

The thermocouple data and the data seen on the thermographs lead to the conclusion that no
change in the peak operating temperature of the SRUs due to electronic component operation
took place during the CERT.
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6.8 CONCLUSIONS

- A relatively simple test setup has been developed for thermal/power cycling reliability
testing of avionics modules.

- Special test equipment has been developed for powering and monitoring modules in a
Combined Environments Reliability Test (CERT).

- Techniques have been developed to evaluate indications of failure in a CERT.

- Holographic interferometry has cost and technical disadvantages for periodic
nondestructive inspection (NDI) during a long-term test.

- Infrared thermography is a very cost effective and powerful tool for NDI to complement
contact temperature measurements during a long-term test.

- These APG-63 Radar modules are very durable.
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7.0 CONCLUSIONS

7.1 FIELD FAILURES
Failed field modules from the F-15 AN/APG-63 Radar were obtained from Warner Robins

Air Logistics Center for failure analysis. There were five confimned failures of each of the two
part numbers investigated. A statistical analysis of these failure data indicates that the following
qualitative conclusions can be reached:

A significant fraction of the failures of the analog module and a small fraction for the
digital module result from the exacerbation of latent defects by environmental stresses.
For the digital module, none of the five confirmed failures was from this result, indicating
that the fraction in the total population is probably not much more than 0.2. For the aiilog
module, four of the five confirmed failures are from this result, indicating that the fraction
is probably not much less than 0.6 nor much more than 0.8.

" These five analog modules may have been in deployment for more than 5 years before
they failed.

" The fraction of failures resulting from thermal cycling and vibration is small. Zero of the
five confirmed failures of each part type was from this result, indicating that the fraction is
probably not much more than 0.2.

" Increasing the sample size would provide more confidence in the precise values of these
fractions but probably would not change these qualitative conclusions.

7.2 FIELD FAILURE ANALYSIS PROCEDURES
Procedures for determining the cause of field failures of electronic assemblies in an ongoing

military program were developed and used successfully. The ERFM activity did not impact the
inventory of assets at WR-ALC. A small sample of failed modules was sufficient. All SRUs
analyzed were returned serviceable or with only the failed component removed.

7.3 ALTERNATIVE ANALYTICAL TECHNIQUES FOR FIELDED MODULES
Standard failure isolation, verification, and analysis techniques were used. Recently

developed NDI techniques - digital X-ray laminography and holographic interferometry -

were evaluated and not selected for use. The conclusions regarding these techniques are as

follows:

Digital X-ray laminography:

- It has the potential to isolate and separately image each of the sides of a two-sidil-!
module.

- The radiation dose is well below the threshold for any potential damage to the bipolar
components on these modules.
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- The film based method did not demonstrate sufficient sensitivity.

Holographic interferometry:

- For inspection of a small number of modules, detailed visual inspection is more cost
effective.

Furthermore, identification of ionic contaminants responsible for component failure from

mobile ionic contamination was concluded to be impractical due to the difficulties of performing

surface analysis at liquid nitrogen temperatures.

7.4 SPECIAL FABRICATION/INSPECTION

Techniques have been developed to perform special inspection at various steps in a

production process so that the location and size/severity of selected significant latent defects are

known/bounded.

7.5 HOLOGRAPHIC INTERFEROMETRY ANALYSIS OF PRINTED WIRING BOARD

ASSEMBLIES

Of the various stressing methods applied to the heat exchanger in this study, pressure

stressing proved successful in revealing areas of debonding as verified by ultrasonic analysis.

Of the various stressing methods applied to the PWB in this study, thermal stressing proved

the most successful in revealing the delaminations resulting from photoresist inclusions

intentionally placed within the PWB. However, using real-time HI, only a triangular and

1/2-inch circular inclusions were found to be debonded within a pattern of inclusions that ranged

in size down to 0.050 inch in diameter. Furthermore, these two inclusions (and especially the

triangutar inclusion) were so sensitive to the HI technique that no intentionally applied stress was

necessary to cause a surface strain over them; naturally occurring environmental temperature

changes were enough.

It is thus concluded that artificial delaminations are currently difficult to produce with

certainty using photoresist/mold release inclusions but that, once produced, these areas can ",e

very sensitive to thermal stressing.

Holographic interferometry has the necessary sensitivity to reveal these defects and the

necessary resolution to reveal two delaminations within the 1/2-inch by 1-inch triangle.

However, because of the difficulty of producing artificial defects with a high degree of certainty,

the resolution limit of HI in this context has not yet been addressed.

7.6 IONIC CONTAMINATION FAILURE MODE AND MECHANISM

The mode and mechanism of ionic cont'rnination induced failure of a hybrid microcircuit
have been identified.
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* The failure mode/mechanism explains the failures of negative regulators in the field and in
a screen, and it explains the absence of failures of comparable positive regulators.

7.7 IONIC CONTAMINATION SCREEN

A method has been developed for using the screen to bound the voltage shift that could occur

in deployment.

7.8 IONIC CONTAMINATION MODEL

A method was developed to predict the effects of varying distributions of ionic contamination

on the electrical behavior of a transistor. By determining the lowest acceptable gain of the

t nsistor for proper operation of the hybrid, the time-to-failure for the hybrid was determined

from the model.

Data from the hybrid screen showed good correlation to the change in transistor gain

predicted by the model.

The methodology used to develop the model is applicable to other devices with different

geometries than the specific device analyzed. The methodology also cou!ld be used as a basis for

determining the effects of other types of charge induced fields on device electrical behavior.

Using the methodology discussed in this report, bum-in or screen times could be accurately

determined based on a device geometry and electrical function. These times could be

significantly decreased for some devices by selecting an appropriate electrical parameter to

monitor and establishing acceptable deltas for these times based on the behavior predicted by the

model.

7.9 COMBINED ENVIRONMENTS RELIABILITY TEST

" A relatively simple test setup has been developed for thermal/power cycling reliability
testing of avionics modules.

" Special test equipment has been developed for powering and monitoring modules in a
CERT.

" Techniques have been developed to evaluate indications of failure in a CERT.

" Holographic interferometry has cost and technical disadvantages for periodic
nondestructive inspection during a long-term test.

" Infrared thermography is a very cost effective and powerful tool for nondestructive
inspection to complement contact temperature measurements during a long-term test.

• These APG-63 Radar modules are very durable.
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8.0 RECOMMENDATIONS

1. Conduct a field failure investigation like the one described here for hardware whose
deployment history can be tracked by serial number. This will ensure that the sample is
random and that the field failures are the first of each S/N. Several data bases having this
capability are available at Hughes, including that for the APG-70 radar developed under
the Multi-Staged Improvement Program (MSIP) for the F-15 aircraft.

2. investigate nonfilm based methods for performing X-ray laminography.
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APPENDIX A

FACTORY FAILURE HISTORY OF

2102 AND 9800 MODULES

INTERDEPARTMENTAL CORRESPONDENCE

TO C. H. Spruck c: R. D. Ritacco DATE: 09 June 1988
ORG 22-06-00 J. M. Kallis REF: 220400.88/71

W. W. Kusumoto
SUBJECT: Factory Failure FROM: T. C. Preston

History of P/N's ORG: 22-04-10
3562102 and 3569800

BLDG. R7 MAIL STA. 902
LOC. RE PHONE 334-4551

Per your request, all the available factory failure data

gathered during Unit and System Level screening and testing of

P/N's 3562102 and 3569800 are summarized herein. These data

were compiled during screening and testing of approximately

450 P/N 3562102's and 400 P/N 3569800's. Tables I-II1
summarize the frequency of primary failures by "Failure Cause"
versus "Environment" for P/N 3562102 during Unit Aging, System
Burn-In and System Test, respectively. Tables IV-VI contain

identical data for P/N 3569800. Listed in Table VII is a

summary of the descriptions of all the failure causes.

Figures 1 and 2 describe the ESS profiles to which the subject
SRU's are exposed during the Unit Aging and System Burn-In

screens. Figure 3 contains a concise description of these two
screens.

Figure 4 contains pie charts showing the relative frequency of
occurrence of the primary failures summarized in Tables I-VI.

7 'M':
T. C. Preston

TCP:Jc

UC CS Ff1 72
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TABLE A- I

SUMMARY OF P/N 3562102 PRIMARY FAILURES
D ING THE UNIT AGING SCREEN

PERCENT
FAIL INSTALL TEMP HIGH LOW OF
CAUSE AMBIENT FAILURE CHANGE TM TM TOTAL TOTAL

DP 23 1 1 18 29 72 67

EW 1 1* 1 3 3

UU 5 2 8 3 18 17

UK 6 2 2 10 9

CO 1 1 1

OS 1 1 1

RH 1 1 1

IT 1 1 1

TOTAL 37 1 3 29 37 107 100

* BAD SOLDER JOINT
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TABLE A-II

SUMMARY OF P/N 3562102 PRIMARY FAILURES
DURING THE SYSTEM BURN-IN SCREEN

HIGH LOW
TEMP TEMP PERCENT

FAIL INSTALL TEMP HIGH AND LOW AND OF
CAUSE M AIL CHANGE TEM !IB P MI TOTAL TOTAL

DP 7 3 8 1 4 1 24 64

EW 2* 2* 1* 5 14

UU 1 1 2

UK 2 1 2 5 14

ZR 1 1 2 5

TOTAL 12 6 11 1 6 1 37 100

* ONE COLD SOLDER JOINT FAILURE
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TABLE A-111

SUMM(ARY OF P/N 3562102 PRIMARY FAILURES

DURING SYSTEM TEST

QUANTITY PERCENT
FAILURE OF OF

CAUSE FALMS TOT

DP 44 67

EW 5* 8

UU 3 4

UK 4 5

CO 1 1

RH 2** 3

TE 1 1

ZR 5 8

WP 1 1

TOTAL 66 100

*ONE COLD SOLDER JOINT; ONE SOLDER BRIDGE; ONE NOT SOLDERED

*ONE NICKED JUMPER WIRE
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TABLE A-IV

SUMMARY OF P/N 3569800 PRIMARY FAIILRES
DURING THE UNIT AGING SCREEN

PERCENT
FAIL TEML HIGH LOW OF
CAUSE AMBIE CHANGE M TEM TOTAL TOTAL

_DP 4 1 4 8 17 55

EW 1* 2 1* 4 13

UU 2 1 3 10

UK 2 2 2 6 19

IE 1 1 3

TOTAL 4 4 II 12 31 100

* COLD SOLDER JOINT
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TABLE A-V

SUMARY OF P/N 3569800 PRIMARY FAILURES

DURING THE SYSTEM BURN-IN SCREEN

PERCENT
FAIL TEHL HIGH LOW OF
CAUSE AI CHANGE TM TEM TOTAL TOTAL

_DP 2 5 3 10 63

UU 1 1 2 12

ZR 2 1 3 19

RS 1 1 6

TOTAL 3 4 5 4 16 100
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TABLE A-VI

SUMM(ARY OF P/N 3569800 PRIMARY FAILURES

DURING SYSTEM TEST

QUANTITY PERCENT
FAILURE oF OF

CASEFILRE TTA

DP 4 so

RH 1 20

TOTAL 5 100
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TABLE A-VII

DESCRIPTION OF FAILURE CAUSES

CO ... CONTAMINATION

DP ... DEFECTIVE PART

EW ... EQUIPMENT WORKMANSHIP

IT ... INTERMITTENT (UNIT CNV)

OS ... OVERSTRESSED

RH ... ROUGH HANDLING

TE ... TEST EQUIPMENT

UK ... UNKNOWN (MODULE CNV)

UU ... REPAIR DATA INCOMPLETE/LOST

UP ... WRONG PART

ZR ... REPEAT SYMPTOM WITH REWORK PERFORMED

RS ... RESEATED

IE ... INSTALLATION ERROR

BS ... BAD OR COLD SOLDER JOINT
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APPENDIX B

ANALYSIS OF EFFECT OF X-RAY

DOSE ON FAILED FIELD MODULES

INTERDEPARTMENTAL CORRESPONDENCE

ro- Dan Buechler C: R. D. Ritacco DATE: Tune 29, 1988
ORG 76-41-22 REF: 7641.30/1091

SUJEC-T: Effect of Faxitron X-Ray FRO N. Reier
Dose on Microcircuits oRG 76-41-10
in Dwg 3562102 and 3569800.

SLOG. E2 MAILSTA. S107
LOC. EO PHONE 65445

Ref: IDC 7641.30/986, March 10, 1988.

This IDC discusses the components which were analyzed in the
above referenced IDC which is affixed to the present one.

The previous calculation showed that the worst case exposure
was 1087 Rads at a distance of 45 inches from the x-ray target
using an accelerating potential of 120KV and an anode current
of 3ma.

Only active parts were considered. It was assumed that diodes,
transistors, 54S and 54LS parts have a design margin at least
25 times the expected dose and did not warrant further inve-
stigation. All the parts checked in detail are made using
bipolar technology which is relatively hard to total dose.
There are four 54F parts shown in items 76-79 in Dwg 3562102.
Data could be obtained on 54FI09, 138 and 151. The 54F151
was tested to 5 KRads and shoved negligible change in the
parameter most sensitive to radiation. The 54F109 and
54F138 failed at 9 and 13.4 KRad, respectively. Radiation
data could not be found on the 54F163. However, 54F parts
are known to be hard to, at least, eight to ten KRad.

Item 36 of Dwg 3569800 is an LM119, a dual comparator, which
is a class of linear devices. The radiation tests found in
the literature were performed with a mix of 3 X 101 neutrons
and total gama dose of 100, 300 and 500 KRad. Input offset
voltage and input bias current passed at the 100 KRad level.
Input offset current was about 50 percent above maximum
specification at 100 KRad and got progressively worse at
higher levels. It can be assumed that it would have passed
at one KRad.

B-i
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IDC # 7641.30/1091
Page 2

Items 34 and 35 of Dwg 3569800 are hybrids. They are high
power positive and negative voltage regulators, respectively.
They are both planar passivated semiconductors. They have
not been tested for total dose vulnerability. However,
based on their technology, they should be radiation hard to
many times the anticipated exposure at the Faxitron.

Items 3-8 on Dwg 3562102 are Monolithic Memory 5301, a
256 X 4 ROM. With the exception of newer technologies such
as 54FXX, digital bipolar devices are known to have total
dose sensitivity levels considerably above one KRad.

M. Reier, Senior Scientist/
Engineer
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INTERDEPARTMENTAL CORRESPONDENCE

TC Dan Buechler c: R. D. Ritacco DATE: March 10, 1988
ORG 76-41-22 REF. 7641.30/986

SUBECT. X-Ray Dose From FROM: X. Reler
the Faxitron. ORG: 76-41-10

BLDG. E2 MAILSTA. S 10 7
LOC E0 PHONE 65445

Calculations were made of the total dose absorbed by silicon
based semiconductors at accelerating potentials of 80, 90,
100, 110, and 120 kV. Since no measurements were made, this
report is based on those made on the Real-Time x-ray facility
using LiF TLD's (thermoluminescent detectors) included as an
appendix.

A brief discussion of the appendix will be presented. The
LiF TLD's had been calibrated using the GR9M cobatt-60 source
which emits gamma rays with an average energy of 1.25 Nev.
Although silicon and LiF have a similar energy response
around one Nev, their response functions differ greatly at
low x-ray energies primarily due to the increasing importance
of the photoelectric effect in silicon compared with LiF.
In order to analytically correct the LiF calibration the
x-ray spectrum had to be known. The x-ray spectrum from a
tungsten target at several accelerating potentials up to
50kV was found in the literature (Ref. 2, appendix). It
It was also shown to a high degree of accuracy that the
wave.qpgth at maximum intensity was inversely proportional
to V-I" where V is the anode potential. The intensity vs
wavelength of Ref. 2 was replotted as intensity vs energy
and the effective x-ray energy, E, was calculated to be
1.08 Emax, where Emax is the energy at maximum intensity.
It was then assumed that the relationship between Emax and
V was valid up to 100kV, the operating voltage of the Real-
Time x-ray, and that the shape of the spectrum for 100kV
was the same as that for 50kV. Using these assumptions
and the detailed analysis of the 50kV data, E for 100kV
was calculated to be 40KeV. From Ref. 3 in the appendix
the ratio at 40keV of the response of silicon to the TLD
used in the Real-Time x-ray measurement was found to be
6.74, a number which multiplies the dose rate results from
the TLD data.

Table II of the appendix is used as basis for estimating
dose rates for the Faxitron at a distance of 45 inches
from the tungsten anode. Although one would expect maximum
dose rates would be at y-z-0, this was not always true
(Table II, appendix) because of shielding by the source

B-3
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IDC #7641.30/986
Page 2

and the clamp holding the experimental fixture. The maximum
dose rate values from Table II at X-10L 14 , and 18 inches
were corrected to 45 inches assuming r 2 attenuation and
averaged. This wan multiplied by the ratio of the expected
Faxitron current (3 ma) to the current used in the measurements
of the appendix (0.04 ma). The result for a five minute
exposure at 100kV anode potential is 755 Rad. This value
can be adjusted for other accelerating yoltages since the
total x-ray energy is proportional to V . The dose in the
Faxitron for a five-minute exposure at 75 inches from the
target and a current of 3 ma is shown in Table I for
several anode voltages near 100kv. The change in the
correction for the response of silicon for the different
effective x-ray energies was only about two percent and
was ignored in the results.

TABLE I - FAXIT0?N DOSE

V(Kv) E(KeV) DOSE (RAD)

80 36 483

90 38 612

100 40 755

110 42 914

120 44 1087

The parts which will be exposed are found on drawings
3562102 and 3569800. All the active parts including two
hybrids use bipolar technology which should not suffer
any noticeable change at the dose level of a thousand rads.

Melvin Reier
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DOSERATE MEASUREMENTS AT THE REAL TIME X-RAY FACILITY

ABSTRACT

Measurements were made with thermoluminescent detectors (TLD) to determine the

doserate (Rads (Si)/min) at numerous locations at the real time x-ray facility

at an accelerating potential of 100kv. The results and the approach used

will be described below.

The real time x-ray facility has been used extensively to locate flaws resulting

from manufacturing defects in such commonplace items as printed circuit boards,

integrated circuits, switches, etc. Since many IC types can be damaged by

exposure to moderately low levels of ionizing radiation such as x-rays, a series

of measurements was undertaken to map the radiation field in the vicinity of the

x-ray tube.

To determine the doserate experimentally and relate it to solid-state devices

the detector must have a response similar to silicon at the energies of interest.

If not, a correction must be made for any difference. At the very low x-ray

energies produced by a 100kv electron beam incident on a tungsten target the

photoelectric effect in silicon dominates the response function. It rises rapidly

as the x-ray energy is reduced. Since the x-ray spectrum varies smoothly from

zero to the energy of the incident electrons and the photoelectric effect is a

very sensitive function of the energy, it is essential to determine the effective

energy of the spectrum unless one has a detector which has the same response as

silicon. One method is to expose TLD's which have vastly different response

functions at low energy. The ratio of theie response (after normalizing them at

1.25 Mev using cobalt-60 where the photoelectric effect is insignificant) yields

directly the effective energy of the x-ray beam at'the accelerating voltage.
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Doserate Measurements at the Real Time X-ray Facility
Page 2

The response of silicon can then be interpolated or extrapolated from the two

measurements.

A calibration of a TLD is made at 1.25 Hey using the GR9M cobalt-60 source which

had been previously calibrated in terms of a source of known intensity at the

Bureau of Standards. Combining the calibration at 1.25 Mey and the method outlined

above, an absolute doserate at the effective x-ray energy can be determined.

This method, which was tried initially, proved unsuccessful for the following

reason. The two TLD's used were 30 percent LtF in teflon and 5 percent CaF2 :Mn

in teflon. Although CaF2 :Mn has a photon effective atomic number of 16.3 and

LF one of 8.2 (Ref. 1), the response of the ones actually used was very similar

because of the large amount of teflon in the TLD's. This would cause a large

error in the ratio of their response at low energies, resulting in an unacceptably

large error in the determination of the desired doserate for silicon.

In view of this an analytical approach was used to calculate the effective x-ray

energy and the response of silicon at that energy. Ulrey (Ref. 2) measured the

x-ray spectrum from a tungsten target at several acceleratinq potentials up to

50kv. He found that, to a high degree of accuracy, A max V const, where

max is the x-ray wavelength at maximum intensity and V is the anode potential.

His spectrum at 50kv was replotted as intensity vs. x-ray energy. The data are

shown in Table I.
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TABLE B- I

X-RAY SPECTRUM FROM A 50 KV ELECTRON SOURCE ON TUNGSTEN

-A (10-8cm) E (key) Intensity

.25 49.5 0

.28 44.2 3.7

.32 -38.7 7.3

.4 30.9 11.7

.47 (max) 26.3 12.5

.44 28.1 12.4

.52 23.8 12.

.6 20.6 9.8

.7 17.7 6.7

.8 15.5 4.1

.9 13.8 2.5

1. 12.4 2
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Doserate Measurements at the Real Time X-ray Facility
Page 4

A numerical integration was performed to yield E, which we define as the

effective energy. The calculated value was 1.08 Emax. It was assumed that the

relation, max V 2  const, which was valid to 50kv could be applied at 100kv

and that although the wavelength at peak intensity varied according to the above

relation, the shape of the spectrum at 50kv is the same as that of 100kv. There-

fore, Emax could be calculated at 100kv from the data at 50kv and the same

factor, 1.08, used to calculate ElOO. The value for E at 100kv is 40 key.

The response of numerous TLD's at different energies has been calculated by

Bassi (Ref. 3). The value for silicon (Z-14) was interpolated between Zeff 3

15.3 (CaS04 ) and 10.2 (A1203 ). The ratio of the silicon response to that LIF

(70 percent teflon) used in our measurements was 6.74. This factor multiplies

all the x-ray data taken with LiF TLS's which were previously calibrated using

the GR9M source.

Data were taken at various distances perpendicular to the direction of the

electron beam (X axis). At each distance measurements were made in the direction

of the shield door (Y axis) and in the vertical direction (Z axis) above the

X axis. The TLDIs were wrapped in a lucite sandwich to ensure electron equi-

librium and mounted on an aluminum strip which was held in a clamp during the

irradiation. (Absorption of x-rays by the lucite reduced the doserate by about

one percent.) Very sharp drops in exposure in the Y or Z direction are due

to shielding by the source. Occasional anomalies where the value at Y=0 was

slightly less than at Y=3 in. can probably be attributed to partial shielding

of the TLD at Y=O by the clamp. All measurements were made at 100kv, 40 U A

and a bias of about BOV. The results are shown in Table II.
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Doserate Measurements at the Real Time X-ray Facility
Page 5

The largest source of uncertainty is the calibration of the TLD's which is good

to about 20 percent. Other error! such as TLD placement would increase this to

about 25 percent. A systematic error in the analytical approach to estimate the

effective x-ray energy cannot be disatrous. If the effective x-ray energy is 60

instead of 40 kv, the factor multiplying the LiF data would be 5 instead of 6.74.

Although data were not taken at any other accelerating potentials, the doserate

at other x-ray voltages may be inferred from the values at 100kv.

The total bremsstrahlung energy is proportional to the square of the accelerating

voltage (Ref. 4). Although we cannot use this relation directly with the results

at 100kv since the effective x-ray energy also chanoe, with electron voltage

('lO0 a 40 kev, 180 " 36 key), we can derive a faitrly good estimate at some

other accelerating voltage from the 100kv data.

iI(1)



Doserate Measurements at the Real Time X-Ray Facility
Page 6
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TABLE B-IT

X-Ray Doserates

X (in.) Y (in.) Z (in.) Doserate (Rads (Si)/min)

1.5 0 0 499
1.5 1.5 0 156
1.5 3.0 0 2
1.5 0 0 453
1.5 0 1.5 5
1.5 0 3.0 .2
4.0 0 0 85
4.0 3.0 0 24
4.0 6.0 0 1
4.0 9.0 0 .2
4.0 0 0 123
4.0 0 3.0 .4
6.0 0 0 98
6.0 3.0 0 74
6.0 6.0 0 2
6.0 9.0 0 .4
6.0 0 0 57
6.0 0 3.0 2

10.0 0 0 32
10.0 3.0 0 37
10.0 6.0 0 30
10.0 9.0 0 2
10.0 0 0 26
10.0 0 3.0 39
14.0 0 0 11
14.0 3.0 0 13
14.0 6.0 0 16
14.0 9.0 1 11
14.0 0 0 15
14.0 0 3.0 20
18.0 0 0 12
18.0 3.0 0 11
18.0 6.0 0 11
18.0 9.0 0 9
18.0 0 0 11
18.0 0 3.0 11
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APPENDIX C

COVER PAGES OF FAILURE VERIFICATION

FMR No. 4868 AND FAILURE ANALYSIS REPORTS

ERFM
Page 1 FAILURE VERIFICATION

REPORT

DATE OF RECEIPT 10/25/88 COMPONENT ERFM Module

REQUESTER D. W. Buechler ORG 76-41-22 FUNCTION/TYPE

PHONE 64650 BLDG/MS El/C132 MFR

FAILURE REFERENCE None MFR PIN

FAILURE DATE CIRCUIT SYMBOL HUGHES PIN 3562102

GLA/TSER 420169-31 (BKlCl41BlA) DATE CODE S/N10 1 5

REPORTED FAILURE

The subject module was a field failure. The failure was isolated to device U2414 on
:he circuit board. Visual examination had revealed mechanical damage to pin 15 of

U2414.

BACKGROUND INFORMATION

The device was a 54S174 (HEX D flip-flop). Pin 15 is the Q5 output.

RESULTS OF ANALYSIS

Electrical Measurements.

Initial probing measurements were unsuccessful because a conformal coating was
present on the device and leads. The conformal coating was scraped from leads 8,
10. 12. 15 and 16 to facilitate electrical contact with probes.

Electrical probing using the Tektronix 576 transistor curve tracer verified that
pin 15 was electrically open between the Q5 output and the connection on the
circuit board. Additional measurements by probing between the output and ground
and between the output and V., indicated that the semiconductor junctions at the Q5
output (pin 15) were intact. This was further verified by comparison with outputs
Q3 (pin 10) and Q4 (pin 12).

CONCLUSION

The failure of U2414 was verified and found to be due to the mechanical damage to the
lead at pin 15. All measurements indicated that the Q5 output (pin 15) was functional
except for the open caused by the break in the external lead.

M6526
ANA.YST JOU.APPROVAL ATE

P. G. Backes D. H. Van Westevuyzen
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ARNo. 1096 3 FAILURE A A YI
'rogram ERFM A AYI
)agel1of 5 REPORT

DATE OF RECEIPT 5/2/88 TSD PROJECT ENGINEER_______________

REQUESTER D. W. Buechler
76-41-22 64650 E1/C132 PHONE ____________ 1G./MS______

ORG PHONE BLDGJMS

REA HONEGLAISER 400524-31 (BUlG141B1A)

COMPONENT Hybrid FAILURE REFERENCE None ______________

FUNCTION/TYPE NeaieVlaeRaltrDATE OFFAILURE________________

GENERIC P/N ______________________ FAILURE LEVEL Field
HUGHES P/N 934268 _ _______ LOT NUMBER

MFG Solitron P/N _ _____ CIRCUIT SYMBOL_______________

DATE CODE 8142 StN 44 MODULE__________ S/N _______

ABSTRACT
The reported failure, did not regulate, was verified. In extensive testing in three
different test fixtures, the hybrid exhibited widely different and inconsistent
behavior. Characteristics of the regulator transistors Q1 and Q2 were observed to
shift with time. All the irregular behavior disappeared after a 2 hour 125*C bake.
This and the observation that the hybrid was optically very dirty led to the conclusion
that the device had mobile ionic contamination.

Since this type of contamination can occur from improper assembly, and it can cause
variation in device behavior with time and voltage, and since both of these conditions
were observed to be present, it was concluded that the device wss a primary failure due
to improper assembly.

TECHNICAL
COMMENTARY 

N 4 9 2 
,5/~NOr REQUIRED N492 >4K ~

QAPPENDED FAILURE ANALYST JOURNAL APPROVAL L kA

Thomas Z. C. Richardson, Jr. 0. H. Van Wes terh~S'zen

IS 175 EDSG MAP 85
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:AR No. 10980 FAILURE ANALYSIS
'rogram E RFM
,age1 Of 8 REPORT

DATE OF RECEIPT 7/7/88 TSO PROJECT ENGINEER______________

REQUESTER D. Buechler
76-1-2 6450 l/C32 PHONE ___________BLOGJ/MS______

ORG 764-2PHONE 64650A _______

REA ______________PHONE ______ GLA/TSER 400652-31 (BUlG141B1A)

COMPONENT Integrated Circuit (2) FAILURE REFERENCE None

FUNCTIONMTPE ROM/Li ne Driver DATE OF FAILURE 7/7/88
GENERIC P/N __________________ FAILURE LEVEL_________________

HUGH-ES P/N 932820-218/3562102 LOT NUMBER__________________

MFG. _____________pm 26LS31 CIRCUIT SYMBOL Ull0l/U1408

DATECODE 7928/8446DPP S,. 1003 MOD)ULE 3562102 _ / 1003

ABSTRACT

A 932489 quad line driver and a 932820-218, 1024 bit read-only memory (ROM4) were
submitted for failure analysis. The latter passed the electrical test, which included
logical contents, timing parameters, and input and output signals. In the case of the
former Lhe reported failure, short to ground, was verified and it was determined that
the failure was secondary and was due to an electrical overstress of output A.

TECHNICAL
COMMENTARY

3 NOT AEURO 15
Q APPENDED FAILURE ANALYST JOURNAL ANAIA / ST

Thomas R. K. Asatourian D. H. Van Westerhuyzen

8175 EOSG MAP 65 C-3



AR No. 10981 FAILURE ANALYSIS
)rogrem ERFM
,age1 of 13 REPORT

DATE OF RECEIPT 7/7/88 TSD PROJECT ENGINEER

REOUESTER D. W. Buechler
7 PHONE BLDGJMS

ORG 76-41-22 PHONE 64650 BLDG/MS E1/C132

REA PHONE GLArSER 400653-31 (BK1G141BIA)

COMPONENT Module FAILURE REFERENCE FVR 4860

FUNCTION/TYPE Negative Voltage Regulator DATE OF FAILURE 6/'88

GENERIC P/N FAILURE LEVEL Module

HUGHES P/N 934268-501B LOT NUMBER

MFG. Solitron P/N CIRCUIT SYMBOL U2
DATE CODE 8108 S/N 124 MODULE 3569800 300

ABSTRACT
The reported failure, the output voltage of the hybrid (U2) is -12.58 volts D.C. when
it should have been -12.0 t 0.25 volts D.C., was verified. The analysis indicated that
the hybrid failed due to the V09 and V0 11 output voltages being out of tolerance because
the 2.5 Kohms ± It resistor between pins 21 and 24 was out of tolerance. The cause of
the resistance being out of tolerance and changing during the baking of the hybrid is
believed to be due to contamination too subtle to detect since no obvious physical
defects were noted during the internal examination. The hybrid may have been
contaminated during manufacturing since it passed the hermetic seal tests.

The parallel resistance noted between the base and emitter of the output transistor did
not appear to be related to the reported failure.

The failure of the hybrid is judged to be primary.

TECHNICAL
COMMENTARY

Q0 NOT REQUIRED fd !\
~'LUEA~~ZN7447 AI..oJ.II

C] APPENDED FAILURE ANXLYSI 0 JOURNAL APROVAL DATE
Sternberg S. B. Lopez D. H. Van Westerhuyzen
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FAR No. 10982 FAILURE ANALYSIS
Program ERF RT
Page I of 5 REPORT

DATE OF RECEIPT 7/7/88 TSO PROJECT ENGINEER

REQUESTER D. Buechler
PHONE BLDGJMS

ORG 76-41-22 PHONE 64650 BLGUM E1/C132
400654- 31

REA PHONE GLA1TSER

COMPONENT Integrated Circuit FAILURE REFERENCE None

FUNCTION/TYPE Line Driver/High SDeed, Quad DATE OF FAILURE May 1988

GENERIC P/N 26LS31 FAILURE LEVEL Module

HUGHES P/N 932849-1B LOT NUMBER

MFG Advanced Micro Devices p/N AM26LS31/BFA CIRCUIT SYMBOL Ul101

DATE CODE 8446DPP S/N MODULE 3562102 S4- 1030

ABSTRACT
The reported failure at the module level was a probable short between output pin 2 of
U1101 and VCC. Probe measurements to the Ull01 integrated circuit while still
connected to the board verified the reported failure. The results were documented in
Failure Verification Report (FVR) No. 4857. After desoldering pin 2 of U1101, pin 2
was found to be shorted to the ground pin.

After U101 was removed from the board electrical testing indicated pin 2 was shorted
to pin 8 (ground) through 890 ohms and to pin 16 (VCC) through 4,7000 ohms. Internal
examination revealed evidence of electrical overstress at the pin 2 output transistor.
The probable cause of failure appears to have been a large voltage at pin 2 with
respect t ground which exceeded the collector-emitter breakdown voltage of the pin 2
output t. ..,sistor.

The failure is considered to be secondary - cause relating to events external to the
IC.

TECHNICAL

COMMENTARY

] APPENDED FAILURE ANALYST JOURNAL APPROVAL D'

'J. L. Walker D. H. Van Westerhuyz
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FAR No. 10985 FAILURE ANALYSIS
Program ERFM REPORT
PawI of 4

DATE OF RECEIPT 8/5/88 TSD PROJECT ENGINEER

REQUESTER D. W. Buechler
PHONE BLDGjOMS

ORG 76-41-22 PHONE 64650 LGJMS E1/C132

420040-31 (BKIG141B1A)REA PHONE GI.A/rSER

COMPONENT Hybrid FAILURE REFERENCE None

FUNCTION/TYPE Voltage Regulator DATE OF FAILURE

GENERIC P/N FAILURE LEVEL Module

HUGHES P/N 934268-501B LOT NUMBER

MFG. HAC P/N CIRCUIT SYMBOL

DATE CODE SIN 4607 MODULE SfN

ABSTRACT
The exact reported failure, regulates at -2 V was not confirmed, but the device was
found to fail by regulating at -15 V. The output voltage should be -12 ± 0.25 V. The
device behavior varied with time and temperature. The device functioned correctly,
then it failed, then it was restored to functionality by baking. This behavior pattern
is typical of mobile ionic contamination. Since only one transistor's characteristics
were observed to change and that the transistor was covered with anomalous spots, it
was concluded that transistor probably had been contaminated during fabrication of the
transistor. The hybrid failure was primary due to improper fabrication of one of the
transistors in it.

Although the exact reported failure was not directly verified, the failure was
considered verified since mobile ionic contamination can cause rapid and wide variation
in transistor behavior.

TECHNICAL

COMMENTARY N7449-60 // XIX NOT REQUIRED I N7449-0 /..

Q APPENDEO FAILU N ANALST JOURNAL APPROVAL (
Thomas Z. C. Richardson, Jr. D. H. Van Weste rhuyzen

16175 EDSG MAR 85 C-6



FAR No. 10994 FAILURE ANALYSIS
=ram ERFM

Pap lof 4 REPORT

DATE OF RECEIPT 9/2/88 TSD PROJECT ENGINEER J. Kallis

REQUESTER D. W. Buechler
I PHONE ____________BLDGJMS ______

ORG 76-41-22 PHONE 64650 . E1/C132

420093-31 (BK1G141BIA)REA - PHONE GLA/TSlER

COMPONENT Hybrid Circuit FAILURE REFERENCE None

FUNCTIONMYPE Positive Voltage Regulator/Hybrid DATE OF FAILURE 8/9/88

GENERIC P/N FAILURE LEVEL Field Failure

HUGHES P/N 934266-501B LOT NUMBER

MFG. Hunhes P/N 1040509-1 CIRCUIT SYMBOL Ul

DATE CODE ___ 2476 MODULE 3569800 SN 127

ABSTRACT

The reported failure, would not power up at cold temperature, was not verified. All
testing at room temperature and at cold temperature indicated the device was
electrically good. Internal examination did not reveal any defect. The results of the
analysis indicated the device was not a failure.

TECHNICAL
COMMENTARY

NOTREQIREId___! N7442 _ _ _ _ _

OT APPENDED FAILURE ANALYST JOURNAL- APPROVAL /] TE

Sternberg J. L. Walker D. H. Van Westernuyzen
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*AA No. 10995 FAILURE ANALYSIS)rog.a. E RFM

;, IO 5 REPORT

DATE OF RECEIPT 9/2/88 TSO PROJECT ENGINEER

REQUESTER 0. W. Buechler
PHONE BLDGJMS,

OAG 76-41-22 PHONE 64650 LOGjmj E1/C132

REA PHONE GLATSER 420094-31 (BKG1411A)

COMPONENT Integrated Circuit FAILURE REFERENCE None

FUNCTION/TYPE 4 BIT Counter DATE OF FAILURE

GENERIC P/N 54LS163A FAILURE LEVEL Board Level Field Failure

HUGHES P/N 932756-1B LOT NUMBER

MFG. Fairchild P/N CIRCUIT SYMBOL U2410

DATE CODE 8550J SA/. MODULE 3562102 S/N 1010

ABSTRACT
The reported failure mode, no output on pin 15, was verified. Pin 15 was found to have
incorrect breakdown voltages, which indicated an electrical anomaly. The output
transistor for pin 15 was shorted to another transistor because an area of necessary
oxide insulation was missing. This short prevented correct transistor action and
resulted in no output. This was a primary failure.

TECHNICAL
COMMENTARY

NOT REQUIRED -- N7449-88 /// /L.

r APPENDED FAILURE ANALYST JOURNAL APPROVAL bArE

Sternberg Z. C. Richardscn, Jr. D. H. Van Westerhuyzen
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FAR No 11002 FAILURE ANALYSIS
Program ERFM
Page I of 4 REPORT

DATE OF RECEIPT 9/20/88 TSI PROJECT ENGINEER

REQUESTER D. W. Buechler
IPHONE _____________BDG/MS ______

ORG 76-41-22 PHONE 64650 eI I - E1/C132

AEA PHONE GLA/TSER 420123-31 (BK1G141BIA)

COMPONENT Hybrid Circuit FAILURE REFERENCE FVR 4865

FUNCTION/TYPE Negative Voltage Regulator DATE OF FAILURE 9/20/88

GENERIC P/N FAILURE LEVEL Board

HUGHES P/N 934268-501B LOT NUMBER

MFG. Hughes P/N CIRCUIT SYMBOL U2

DATE CODE 8202 .VN 209 MODULE 3569800 SN 502

ABSTRACT
The reported failure, output voltage too low, was verified. The output level in
testing on the board was -2.3V. Testing after removal from the board indicated that
the 2.5 Kohm ± I% resistor from pin 21 to ground was 2.1 Kohm. This should cause the
hybrid to regulate at about -16V, and it was observed to regulate at -16.5V. It was
concluded that there may be a testing error or an additional anomaly on the board that
loaded the output to the -2.3V value.

The value of the anomalous resistor was not changed by baking at 125"C for 2 hours.
This implies that the change was not caused by moisture. It is possible that the laser
cuts in the thick film resistor may have healed. No cracks were observed in the thick
film resistor.

The failure was due to an apparent drift in the value of the 2.5 Kohm thick film
resistor. This drift was believed to be due to aging, but the exact cause of the drift
was not found.

TECHNICAL
COMMENT. R ; " /

_11' I -'~E ( bet~& Am/7 :<~v
I AP'tE.') /7 FAILURE ANALYST JOURNAL APPROVALj) [DA*
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kR No. 11033 FAILURE ANALYSIS
rogram ERFM
ageI of 3 REPORT

DATE OF RECEIPT 12/16/88 TSD PROJECT ENGINEER

REQUESTER D. W. Buechler

ORG 76-41-22 PHONE 64650 BLDGJMS E1/C132

REA PHONE GLArSER 420230-31 (BKIG141BIA)

COMPONENT Hybrid FAILURE REFERENCE FVR 4869

FUNCTION/TYPE Positive Voltage Regulator DATE OF FAILURE 10125/88

GENERIC P/N FAILURE LEVEL

HUGHES P/N 934266-501B LOT NUMBER

MFG. Solitron P/N CIRCUIT SYMBOL UL1

DATE CODE 8035 Sj 037 MODULE 3569800 S/N 482

ABSTRACT
The reported failure mode, shorted, was not verified. Neither of the reported shorts
was verified. The device passed testing at room and at high temperature, and a 0.5 amp
load test. The device was considered not to be a failure.

TECHNICAL
COMMENTARY

QNOT REQUIRED I~ N74- -13 1W1/k)ra-
0APmiFALRA7AYTJOURNAL APPOVALf DTE
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"%R NO. 11053 FAILURE ANALYSIS
program ERFM
Page, o, 3 REPORT

DATE OF RECEIPT 2/22/89 TSD PROJECT ENGINEER

D. W. BuechlerREQUESTER

PHONE ____________BLDGIMS ______

ORG 76-41-22 PHONE 64650 BLOGJM E1/C132

REA PHONE GLA/TSER 420379-31 (BK141B)

COMPONENT Hybrid FAILURE REFERENCE None

FUNCTION/TYPE Voltage Regulator DATE OF FAILURE,

GENERIC P/N FAILURE LEVEL

HUGHES P/N 934268-50B LOT NUMBER ___

MFG. SOitron P/N CIRCUIT SYMBOL U2

DATECODE 8128 032

ABSTRACT
The reported failure, output drift, was verified. The hybrid (P/N 934268) had failed
previously on a power supply module that was submitted for a failure verification (FVR
4906). The output of the hybrid dritted during the first hour of continuous operation
at room temperature before stabilizing at -12 volts. Further attempts to reproduce the
failure with functional electrical tests at elevated temperatures and temperature
cycling were unsuccessful. The device passed PIND and hermeticity tests but failed a
residual gas analysis (RGA) with a water content within the package of 15,000 parts per
million. The internal visual examination and nondestructive internal wire bond
strength tests did not reveal any anomalies. This was believed to be a primary
failure.

The observed output drift may have been ca..ed by condensation and subsequent
evaporation of the excess water within the hybrid package.

TECHNICAL
COMMENTARY A'#.# ~

NOT REQUIRED __ _ _ _ _ _ _ _ _ _ -& c4 t-.
[J APPENDED FAILUF.E ANALYST JOURNAL VC.0Rc a , DATE

Sternbera K. Scott Z.C. Richardson, Jr
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AR No 1079 FAILURE ANALYSIS
rogram ERFR T
01ge I of 8 REPORT

DATE OF RF' -1"T 7/17/89 TSD PROJECT ENGINEER

REQUESTER D. W. Buechler

76-41-22 64650 EI/C132 PHONE 8LDG/MS

ORG PHONE BLDGIMS

REA PHONE GLA/TSER 420595-31 (BG141B)

COMPONENT Integrated Circuit FAILURE REFERENCE FVR 4913

FUNCTIONTYPE HEX Inverter DATEOF FAILURE June 1989

GENER( P/N 54S04 FAILURE LEVEL Field

HUGHES P/N. JM38510/07n03 LOT NUMBER

MFG Sicanetics P/N CIRCUIT SYMBOL. U2213

DATE CODE 7 __ SIN 593 MODULE 3562102 S/N

ABSTRACT

The reported failure of this device, pin 8 shorted to ground, was not verified in the
failure analysis. Instead the ground bond wire was found to be melted open.

The ground connection was intact at the time of the failure verification. Based on the
results of this analysis, it was concluded that the pin 7 ground bond wire was melted
open probably due to a reverse current between the time of the failure verification and
the time of this failure analysis. This failure is believed to be independent of the
reported pin 8 to ground short.

Although the original reported failure of this device, pin 8 shorted to ground, was not
verified in the failure analysis, close proximity of the pin 8 bond wire and an
unpassivated area of the ground metallization suggests a possible intermittent
conductive particle short. The device passed the PIND test, but particles were found
adhering to the edge of the die that were large enough to bridge the gap between the
underside of the pin 8 bond wire and unpassivated aluminum ground metallization.
Possibly these or ot:her particles caused an intermittent short that was observed during
the original failura and during the failure verification. Such a small clearance
bet'een the output bond wire and the bare ground metallization when accompanied by
loose conductive particles has been found to be a source of failure in other devices in
the past.

TECHNICAL
COMMENTARY
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SECTION I

INTRODUCTION

This final report describes work completed during the period 1 May 1989 to 31 October 1990
under Purchase Order No. M9-317647-KKD. This work involved the nondestructive
inspection by holographic interferometry (HI) of two digital timing and control modules and
two analog linear regulator modules from the APG-63 radar used in the F-15 aircraft. These
tests were conducted to determine the bond quality of the heat exchangers (HE) and printed
wiring boards (PWB) that make up the modules. The holographic examinations performed
on the individual HEs and PWBs prior to manufacturing the modules assessed the quality of
the PWB laminations and the HE surface sheet-to-cooling fin bonds. Then, after mating of
the PWBs to their respective HEs, the effects of various manufacturing processes upon the
quality and integrity of these bonds was periodically evaluated.

This program was initially organized into eight tasks. Tasks 1 involved calibration, Tasks 2
through 7 involved HI testing, and Task 8 was the production of the final report. However,
after the completion of Task 1, it was decided that a second calibration task was needed (this
decision is discussed later in the report), and this new calibration task was designated Task 8
so that the task involving the production of the final report would be the highest numbered
task (i.e., Task 9 under the revised program organization). Therefore, the final organization
of the program was as follows, with the tasks listed in the order of completion:

Task Function Description

1 Calibration First HI calibration study

8 Calibration Second HI calibration study

2 Test HI evaluation of four HEs and six PWBs

3 Test HI evaluation of PWB to HE bonds before the
surface mounting of static sensitive components

4 Test HI evaluation of PWB to HE bonds after the
surface mounting of static sensitive components

5 Test HI evaluation of PWB to HE bonds after
module conditioning

6 Test HI evaluation of PWB to HE bonds after
power-on screening

7 Test HI evaluation of PWB to HE bonds after
system burn-in

9 Final report

Interim documentation was provided at the conclusion of Tasks 1 through 8 in the form of 1)
a written summary of experimental procedures, results, and conclusions, and 2) a narrated
1/2 inch VHS video tape providing a complete audio/visual record of all tests. The video
documentation ranged in length from approximately 30 to 70 minutes, depending on the
specific task.
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This report briefly discusses nondestructive HI in general and describes the tests chosen for
use in this study. The equipment and fixturing are then described, including the tyes of
stressing used. The results of each task of the program are then described in detail. Finally,
a summary of the program is presented, and conclusions are discussed.
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SECTION II

BACKGROUND

A. General Considerations

Holography is an optical recording process whereby a recording (called a hologram) is
created by the interference of two laser beams at a photographic plate or other recording
medium(Figure D-l). One beam, the reference beam, comes directly from the laser to the
film, while the other, the object beam, is scattered from the object itself. Later, when the
processed hologram is illuminated by the reference beam alone, the hologram creates light
waves which are identical to the light waves scattered from the original object. These waves
are responsible for the image the viewer perceives in the hologram.

The ability of holography to recreate 3-dimensional scenes makes it possible to apply
interferometry to 3-dimensional objects. Using this process, light rays recorded in the
holographic recording medium can be made to interfere with light rays from the real object,
generating a set of contour lines, or fringes. These interference fringes are a measure ot the
amount of surface deformation between the object as initially recorded and the object
recorded at a later time. This deformation may be due to minute mechanical, thermal, or
environmental stress. HI is thus a precise way to determine how the surface of an object
responds when minute stresses are applied.

A powerful feature of holographic interferometry is that information is obtained over the
surface of a test object rather than at just a point. The hologram can clearly show those
areas of an opaque test object where dimensional changes are occurring. Surface anomalies,
or flaws, create abnormal or ambiguous effects in the fringes and are usually obvious even to
an untrained viewer. A flaw uncovered using HI can be analyzed if its effect on the surface
is understood, and it can be located accurately if its effect on the surface is localized. For
holographic inspection to work, the deformation of the surface must be abrupt and must
have an amplitude of about 0.05 microns (about one tenth the wavelength of light) or
greater. A good candidate is honeycombed material in which the flaw is a debond between
the surface and the honeycomb material beneath. If such a surface is holographically
recorded and then mechanically stressed, the surface near the debonded region will generate
many interference fringes when a second hologram is superimposed on the first.

During the calibration phase of this program (Task 1), various types of holographic
interferometry were tested and two types were chosen for this study:

1) Real-time Holography - This technique allows the instantaneous, continuous monitoring
of dimensional changes resulting from applied stresses by viewing a holographic
image of the part superimposed on itself. In the present study, a hologram was
created of the part being tested while the part was either unstressed, or was in a
baseline stress condition. Then, while viewing the original part through the hologram
using a video camera, a stress was applied, or an existing stress was altered. The
resulting fringe pattern, due to the deformation of the surface of the part, was
monitored continuously for the possible appearance of anomalies indicating
underlying flaws. The image thus seen was recorded continuously on a video casette
recorder (VCR).
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2) Time-average Holography - This technique produces a hologram which is made while a
component is vibrationally driven at resonance. A visual image of the vibration
pattern, or modal map, is obtained. In simplest terms, the nodes, which are
stationary, produce a bright recording, and the parts which move "wash out" and do
not produce a bright hologram. The VCR is used here also, but only to view the
frozen reconstructed image of the part.

Other types of holography were tested (for example, multiple exposure holography) but were
judged inappropriate for this program.

B. Sensitivity Enhancement

A variety of sensitivity enhancement procedures were examined. Two were adopted for use
in this study:

1) Phase Shift Interferometry: With this technique, the fringes are moved slowly by
introducing a time varying path length change into either the object or reference
wave. This was accomplished here by tilting a parallel glass plate in the object wave.
The tilt was achieved by a motor driven mount that cycles the plate through a few
degrees before returning to the beginning position. Fringes that move over a defect
enhance the appearance of the defect, since time varying changes in a fringe are more
easily perceived by a human operator. A defect will often manifest as a "blinking"
region where the defect appears to flash on and off. Consequently, a defect which
might otherwise have been lost in the overall fringe pattern and background noise can
become obvious to the inspector. In fact, phase shifting provides a more accurate
location of fringes even when machine vision is in use. The movement of the fringes
actually adds information.

2) Beam Tilt Correction: If the test object has undergone rigid body motion (i.e., a simple
tilt out-of-plane) not exceeding a few tens of microns during the stressing operation,
then this motion can be compensated by tilting the plane of one of the images being
compared in the interferogram so that it more accurately overlaps the other image.
This was achieved by using a tilt plate (an optical-quality glass plate of approximately
10 mm thickness) introduced into the object beam. During reconstruction, when the
image from the reference hologram was interfered with the image from the live test
object itself, moving the tilt plate optically tilted the test object. The tilt plate was
adjusted to minimize the number of fringes observed in the interferogram.

C. Electronic Hardware Supplied by Hughes Aircraft Co.

The HEs examined in this study were constructed by Hughes by bonding two thin metal
sheets to a series of heat conducting fins to form channels to accommodate the flow of
cooling air. Two of the four liEs were approximately 5 inches wide by 6 inches in length and
the other two were approximately 5 inches wide by 10 inches in length. All heat exchangers
were approximately 0.125 inches thick.

The PWBs examined in this study were of two types:

1) 5 inch by 5 inch: These PWBs were composed of two layers of epoxy-impregnated glass
cloth with conductive copper traces on each side of each layer, forming four distinct
layers of circuitry. During this program, two PWB/HE modules were built by
Hughes, each consisting of one 5 inch by 5 inch PWB bonded to one side of a HE.
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2) 5 inch by 9 inch: These PWBs were composed of seven layers of polyimide-impre~nated
glass cloth with conductive copper traces on each side of each layer, forming 14
distinct layers of circuitry. During this program, two PWB/HE modules were built by
Hughes, each consisting of 5 inch by 9 inch PWBs bonded to each side of a HE (i.e., a
total of four PWB bonded to two HEs).

During Task 3, the six PWBs were bonded to the four HEs to form two digital timing and
control modules (with two PWBs per HE) approximately 5 inches wide by 10 inches long,
and two analog linear regulator modules (with only one PWB per HE) approximately 5
inches wide by 6 inches long.

D. Stress Methods

The identification of a defect using HI will be successful only if the defect can be induced to
cause a surface deformation when stressed. Thus, the placement and the distribution of the
stressing energy may be critical to the detection of the flaw, and the choice of a stressing
method is often as important as the choice of a holographic inspection technique.
Fortunately, there are several good methods for making subsurface defects visible under
holographic scrutiny, including thermal, vibrational, and pressure-induced stressing methods:

1) Thermal Stressing - This method involves raising or lowering the temperature of the
part to induce a thermal expansion or contraction. Voids, delaminations, or debonds
below the surface will exhibit different rates of heat transfer resulting in different
rates of thermal expansion or contraction than the surrounding material, producing
visible anomalies in the interferometric fringe pattern. This stressing method is not
compatible with time-average holography.

2) Vibrational Stressing - This method involves vibrating the part at a frequency which will
excite at resonance the surface over the underlying defect, while leaving the bulk of
the part relatively unperturbed. At resonance, this results in a dark image over the
defect superimposed on the part. This stressing method can be used with both real-
time and time-average holography.

3) Pressure Stressing - This method involves raising or lowering the ambient pressure
surrounding the part being tested. This can create a pressure differential throughout
the part (often a few tens of millibars is sufficient) causing a deformation of the
surface overlying a defect which is different from the deformation of the surrounding
area, resulting in an anomalous fringe pattern over the defect. This stressing method
is not compatible with time-average holography.

E. Holographic Interferometry Test Equipment

All 1-11 measurements performed in this study were made at the Newport Corporation
facilities in Fountain Valley, California. Initial measurements were made with a Newport
Model 1 IC-1034 lolography Workstation using a 35 mW tleNe laser. However, the bulk of
the mcasurements were made on a Newport Model HL-3 Holography Workstation modified
to contain a three watt Lexel Model 95 argon-ion laser operating at a wavelength of 514.5
nm. On both workstations, holograms were recorded on a Newport Model HC-301
Thermoplastic Plate. Using this device, holograms can be generated in about 20 seconds,
and 300 or more holograms can be made on the same thermoplastic plate. Because the
holograms were produced in-place (i.e., the thermoplastic plate was not removed from the
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workstation), the thermoplastic plate was very easy to use with real-time and time-average
holography. Object and reference beam ratios were determined using a Newport Model
HC-302 Detector. Video images of the holographic interferograms were recorded on 3/4
inch video tape with a Javelin Spectar video camera, and were transcribed to 1/2 inch video
tape at the conclusion of each work day.

The equipment used to implement the stressing methods discussed in the previous section
are as follows:

1) Thermal stressing of the HEs and PWBs was achieved by one or more of the
following: 1) by hand (i.e., by lightly passing a hand over the surface of the test
object), 2) with a laboratory heat gun, or 3).by using a flat foil heater (Minco
Thermofoil Heater Model HK5182R52.9L12B) in contact with the back of a HE or
PWB (described in more detail in the next section).

2) Vibrational stressing was achieved using a Newport Corporation Model HC-520
Shaker System capable of producing vibrational frequencies from 250 Hz to over 200
kHz, or random "white noise" over a specified frequency interval.

3) Pressure stressing was achieved using a one cubic foot vacuum chamber fitted with a
one square foot glass window for viewing.

Phase shift interferometry was implemented experimentally using a Newport Corporation
Model HC-602 Optical Compensator. Beam tilt correction was implemented using a
Newport Corporation Model HC-605 Fringe Interpretation Accessory.

F. Fixturing Developed

To securely hold each HE and PWB and facilitate the use of specific stress methods, special
fixturing was developed for this study. This fixturing consisted, in part, of a universal
aluminum back plate (measuring 6 inches by 10.75 inches by 0.25 inches thick) which was
rigidly attached to a Newport Corporation Shaker System Model HC-520 by a single 1/4-20
bolt. The Model HC-520 Shaker provided vibrational stressing, or provided a stable
mounting platform for thermal and pressure stressing.

To facilitate vibrational stressing, the HEs and PWBs were attached to the universal back
plate by four 1 inch aluminum standoffs using existing mounting holes on each test piece.
Vibration was thus transferred from the back plate to the test piece via the standoffs. This 1
inch displacement of the back plate allowed the mounting of all HEs and PWBs, as well as
all PWB/HE modules used in this program.

Thermal stressing involved either 1) the same fixturing as described above for vibrational
stressing (when warming by hand or using a laboratory heat gun), or 2) additional fixturing
developed for use with the flat foil Minco Thermofoil heater. The latter consisted of an
aluminum support plate (with dimensions identical to the universal back plate) which was
attached to the back plate with four 1 inch standoffs to provide rigid support. The HE or
PWB being tested was clamped lengthwise to this support plate along opposing edges, with
the Minco Thermofoil heater between it and the support plate. The Minco heater, with
dimensions 5 inches by 10 inches by 0.20 inches thick, was supplied with an adhesive backing
and was mated to a 5 inch by 10 inch piece of 1/32 inca thick silicon rubber gasket material.
This insulated the heater from the support plate and provided the necessary flexibility to
allow the flat heater to make good contact over the entire surface of the part being stressed.
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Additional fixturing was developed to facilitate pressure stressing of the HEs. This fixturing
consisted of two brackets fittedwith 1/32 inch thick silicon rubber gaskets, which clamped
and sealed the HEs at both ends to keep the interior of the part at one atmosphere pressure
as the pressure surrounding the piece was reduced. These brackets attached to the universal
back plate to provide a rigid mount for HI.
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SECTION III

TASK 1 - CALIBRATION

This section will describe the procedures and results of HI testing of the calibration and
sample HEs and the calibration PWBs performed in Task 1.

The calibration HE examined in Task 1 contained debonded areas where a portion of the
outer metal sheet was not bonded to the underlying fins, as determined by an ultrasonic
technique at Hughes prior to delivery of the calibration HE to MetroLaser.

The defects introduced into the calibration PWBs examined in Task 1 were to be made of
photoresist material. These photoresist inclusions were to be placed on circuit layers 2 and 3
of the 5 inch by 5 inch board, and on circuit layers 2, 7, and 13 of the 5 inch by 9 inch board.
These defects were arranged in a pattern consisting of a single isosceles triangle (1/2 inch by
1 inch) and a series of circular dots ranging in size from 0.050 inch to 1/2 inch. These
defects covered a rectangular area 1/2 inch by 4 inches. The 5 inch by 5 inch calibration
PWB had one such pattern on each of two layers, while the 5 inch by 9 inch calibration PWB
had one pattern on each of three layers.

A. Experimental Procedures and Results - Heat Exchangers

Thermal Stressing

Using real-time HI, both the calibration and sample HEs were analyzed for the appearance
of surface anomalies induced by thermal stressing. Thermal stressing was achieved by 1)
lightly passing a hand over the mounted HE, 2) warming the surface with a laboratory heat
gun, 3) blowing hot air through the interior channels of the HE with a heat gun, and 4)
baking in an oven (T< 1200 F). The surface of each HE responded very visibly to each
thermal stress method, but no debonds were detected in either piece. The high thermal
conductivity of the metal surface resulted in a rapid conduction of heat away from the local
area being stressed, so that large portions of the surface deformed relatively evenly. With
the exception of the cases where stressing was induced by baking in an oven, the effect of the
stressing method was observed with real-time HI via the video camera over the entire
duration of the test, from the initial application of heat until the HE had cooled significantly.
When heating in an oven, only the cool-down phase was observed and evaluated.

Using time-average HI, both the calibration and sample HEs were analyzed after baking in
an oven. Again, no debonds were detected.

Because the thermal stressing just described did not reveal the presence of flaws known to
exist in the calibration HE, an alternative thermal stressing technique was developed
involving a flat foil Minco Thermofoil heater. This technique was intended to heat the back
surface of the HE (i.e., the side not being analyzed for debonds) and to conduct heat to the
front surface through the metal fins comprising the cooling channels. Areas of either surface
directly over the debonds were expected to not conduct heat so that the corresponding areas
on the front surface should expand more slowly than surrounding areas, resulting in fringe
anomalies over the debonds.

The Minco Thermofoil heater used in this study (described in an earlier section) was capable
of generating up to 24 watts per square inch, for a total power capability of slightly over 1
kilowatt. However, total power levels in this study never exceeded 270 watts into the 5 inch
by 9 inch HEs. Note that only one side of the calibration HE could be heated by this
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method. The reverse side of the calibration HE had mounting bosses which prevented
contact of that surface with the flat Minco heater.

The test procedures used with the Minco heater involved 1) the choice of a total heater
output power (via the choice of the voltage to the heater) spanning a range of 1.5 watts to
270 watts, and 2) the choice of a heating duration spanning a range from essentially
instantaneous (by turning the heater power supply on and then off as fast as possible by
hand) to a duration of 5 minutes. For example, test combinations of power level and time
duration encompassed (but were not restricted to) the following:

Power Level (Watts) Duration (Minutes)

1.5 2
5 5

70 0.1
190 -instantaneous
250 1
270 0.1

Test results were recorded on video tape, and hard copies of individual frames of interest are
presented below to illustrate various results.

Without exception, all combinations of power level and duration produced an initial surge of
circular fringes (resembling a bull's-eye pattern) which spread outward from the center of
the HE (Figure D-2) and reversed direction (collapsing inward) immediately upon the
termination of heating. For heating durations greater than a few seconds, the fringe pattern
on the HE surface did not return to its initial configuration at the termination of heating,
indicating that the HE surface had acquired a new orientation relative to the original. The
spreading pattern of fringes seen during heating was evidence of a general distortion of the
entire piece as the back surface underwent thermal expansion. Because the HE was
clamped firmly along each long dimension, it could only bow outward toward the video
camera as it expanded, resulting in a growing bull's-eye pattern. Thus, it is concluded that
the fringe pattern was not the result of a strain caused by heat transfer through the cooling
fins from the back surface to the front.

Ultrasonic testing of the calibration HE at Hughes indicated significant debonding on the
surface which did not contain bosses. Unfortunately, this surface had to face the flat Minco
heater to provide good heat transfer, and could not be analyzed by this method of thermal
stressing.

When analyzing the side with bosses, no evidence of debonding was seen on the calibration
HE, even though the Hughes ultrasonic procedure showed the presence of debonds. The
only internal structure of the calibration HE detected holographically during this test was the
central rib running lengthwise through the part.

Thermal stressing of the sample HE using the flat foil heater produced a general distortion
which bowed the entire front surface outward, resulting in the characteristic bull's-eye fringe
pattern (a result similar to the calibration HE). However, unlike the calibration HE,
thermal stressing of the sample HE using the Minco heater did reveal evidence of the
internal cellular, finned structure of the part. No evidence of debonding was seen beneath
either surface.
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Vibrational Stressing

Using both real-time and time-average HI, both the calibration and sample HEs were
analyzed for the appearance of surface anomalies induced by vibrational stressing.

Using the Newport Corporation Shaker System Model HC-520, each HE was mounted to
the universal back plate on four 1 inch standoffs and vibrated at various amplitudes at
frequencies swept manually from 250 Hz to over 200 kHz. Each part was also vibrated with
random "white noise" and evaluated.

While both HEs responded to vibration with interesting and intricate mode patterns (see, for
example, Figure D-3 for a time averaged interferogram of the calibration HE taken at a
frequency of 53 kHz), the presence of debonds was never revealed. As with thermal
stressing, the internal central rib of the calibration HE could be discerned in the mode
pattern, but the internal cellular structure of the cooling channels was never evident.

Pressure Stressing

Both the HEs were analyzed for the appearance of surface anomalies induced by pressure
stressing. Using special fixturing described in a previous section, the open end of each HE
was sealed against rubber gasket material to contain the air inside the part at one
atmosphere, and the HE was placed inside a one cubic foot vacuum chamber fitted with a
one square foot window for viewing. The air surrounding the HE was then partially
evacuated to create a positive pressure within the HE, thus expanding the surface of the HE
not in intimate contact with an internal fin (i.e., all areas not bonded to a fin). This
procedure had the effect of showing clearly the internal structure of each HE, including the
cellular structure of the cooling channels(Figure D-4), and the central internal rib of the
calibration HE(Figure D-5). Most importantly, the pressure stressing revealed the areas of
debonding as indicated by the Hughes ultrasonic aralysis (Figure D-6). The shape of the
debonded area as revealed by real-time HI was identical to that shown by the ultrasonic
analysis. In contrast to the calibration HE, no areas of debond were found on either side of
the sample HE when using this pressure stressing procedure.

B. Experimental Procedures and Results - Printed Wiring Boards

'i he procedures used to stress the PWBs were identical to those used to stress the HEs, with
the single exception of the application of pressure stressing. Because the PWBs do not have
internal channels for cooling, they were not clamped at both ends with rubber gasket
material. Instead, they were supported at each corner with the 1 inch standoffs on the
universal back plate. Any air trapped within the delaminations was expected to expand
when the air outside the board was partially evacuated, thus causing a surface strain, visible
as an anomalous fringe pattern.

Without exception, none of the stress procedures indicated the presence of delaminations in
the two PWBs, in spite ot the fact that the locations of the delaminations were known and
watched very closely. However, subsequent analysis of the two PWBs by Hughes revealed
that an error was made in their manufacture, and the visual patterns on the PWBs thought to
he delaminations were in fact not delaminated at all. Thus, the null result of all tests on
both PWBs was accurate.
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SECTION IV

TASK 8 - CALIBRATION

Based upon the Hughes' analysis at the conclusion of Task 1 showing that the calibration
PWBs delivered for that task did not contain photoresist inclusions, two new calibration
PWBs were manufactured by Hughes for a newly created calibration task called Task 8.
Task 8 was performed immediately upon completion of Task 1 because of the strong
relationship between these two tasks.

Particular effort was expended by Hughes in Task 8 to insure the presence of delaminations
in the new calibration PWBs. Specifically, photoresist inclusions were placed on circuit
layers 2 and 3 of the 5 inch by 5 inci board, and on circuit layers 2, 7, and 13 of the 5 inch by
9 inch board. In addition, mold release compound was placed on one side of the inc' -,ons
to further decrease the chance of bonding between *h e inclusions and the substrate in
contact with the inclusions.

These calibration PWBs were analyzed in Task 8 using the same III techniques and analysis
procedures detailed in Section Ill, above. The results of these analyses are documented in
this section.

A. Experimental Results - Printed Wiring Boards

TLermal Stressing

Using real-time HI, the two PWBs were analyzed for the appearance of surface anomalies
induced by thermal stressing. Thermal stressing was achievedby lightly passing a hand over
a mounted PWB or heatiag the surface with a laboratory heat gun.

Thermal stressing revealed the presence of two delaminated areas on the 5 inch by 9 inch
board within the pattern on the lower right quadrant of the side with copper circuitry (Figure

D-7 One area was associated with the 1/2 inch by 1 inch triangle, and the other with the 1/2
inch circle.

The delamination over the triangle was especially sensitive to thermal changes, and
exhibited visually striking fringe anomalies from naturally occurring cnvironmental
temperature changes alone, without the application of applied heat. The delamination
associated with the 1/2 inch circle was less pronounced; although it responded slightly to
naturally occurring environmental temperature changes, its appearance by way of fringe
anomalies was enhanced by the application of heat applied by lightly passing a hand over the
1/2 inch circle. For both delaminated areas, the application of heat using the laboratory
heat gun proved to be too extreme and caused a general distortion of the entire board,
without enhancing the appearance of the fringes over the delaminations. Also for both
delaminated areas, the use of phase shifting significantly enhanced the visual appearance of
the fringes over each delamination.

The delamination associated with the triangle consisted of two adjacent circular patterns
(Figure D-7), instead of a single triangular pattern as expected. The photoresist inclusion thus
appeared to be bonded to the substrate immediately above it along a line separating the two
small bull's-eye patterns associated with the triangle.
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Thermal stressing of the reverse side of the 5 inch by 9 inch board, and both sides of the 5
inch by 5 inch board, did not reveal any evidence of further delaminations, even though the
locations of the remaining five patterns were accurately known. Neither gentle heating by
hand, nor vigorous heating with a heat gun, was successful in revealing the suspected flaws.

Vibrational and Pressure Stressing

Using both real-time and time-average HI, the two PWBs were analyzed for the appearance
of surface anomalies induced by both vibrational and pressure stressing. Vibrational
stressing was achieved with a Newport Corporation Shaker System Model HC-520 at
frequencies swept manually from to 250 Hz to over 200 kHz. Pressure stressing was
achieved in a one cubic foot vacuum chamber fitted with a one square foot window for
viewing. Each side of each board was evaluated in detail with both stressing methods.

Without exception, neither of these stress methods indicated the presence of delaminations
in either PWB, despite the range of frequencies and pressures used. The delaminations
initially seen over the triangle and circle on the 5 inch by 9 inch board were always visible
due :o environmentally induced thermal stresses (as described above), but neither defect
changed its initial appearance during either vibrational or pressure stressing.

It was thus concluded in Tasks 1 and 8 that areas of delamination are difficult to produce
with certainty using photoresist/mold release inclusions, but that once produced, these areas
can be very sensitive to thermal stressing. It is evident that holographic interferometry has
the necessary sensitivity to reveal these defects. Because of the inability to produce defects
with a high degree of certainty, the resolution of HI in this context has not yet been
addressed.
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SECTION V

TASK 2

Task 2 involved the nondestructive inspection by holographic interferometry of the four heat
exchangers and six printed wiring boards from which more complex electronic modules
would be built in later tasks. This section presents the documentation and discussion of the
Task 2 test results obtained on these HEs and PWBs prior to the manufacturing of the
electronic modules.

A. Experimental Results - Heat Exchangers

Using real-time HI, both sides of each HE were analyzed for the appearance of surface
anomalies induced by pressure stressing. This was accomplished by placing each HE in a
one cubic foot chamber fitted with a viewing window. The chamber was then evacuated
while keeping the interior of the HE at one atmosphere pressure. A reference hologram was
created at 26 to 28 inches of mercury vacuum (0.07 to 0.13 atmospheres). Air was then
reintroduced into the chamber to raise the pressure an additional 5 to 15 inches of mercury
(0.16 to 0.5 atmospheres). Surface strtins created by the increase in ambient pressure
surrounding the HE were then monitored by HI.

The above procedure revealed the internal cellular structure of each HE and showed that,
with two minor exceptions, each of the eight sides examined was free of debonds. The two
exceptions were the reverse sides of each of the 5 inch by 6 inch HEs (i.e., the sides
containing the aluminum mounting brackets). Each of these sides appeared to have a subtle
linear feature, visible on the video image, indicative of a weakened bond between the
underlying heat conducting fins and the surface of the HE. Neither feature was indicative of
complete separation; the continuity of the underlying cellular structure was preserved in
both cases. Based on a subsequent conversation with Dan Buechler at Hughes, MetroLaser
concluded that the defects revealed by this analysis did not warrant rejection of the HEs.
Video recordings of these test results are found within Trial 2 and Trial 4 during the first 20
minutes of the Task 2 video recording supplied to Hughes.

B. Experimental Results - Printed Wiring Boards

Using real-time HI, the six PWBs were analyzed for the appearance of surface anomalies
induced by thermal stressing. Thermal stressing was achieved by both lightly passing a hand
over a mounted PWB and by heating the surface with a laboratory heat gun. Without
exception, HI analysis revealed no evidence of delaminations on any of the PWBs.
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SECTION VI

TASK 3

At the completion of Task 2, the four HEs and six PWBs tested in Task 2 were assembled
into two 5 inch by 9 inch and two 5 inch by 6 inch PWB/HE modules delivered with a plastic
plenum glued onto either end and a multi-pin connector attached with rivets along one edge.
The modules were analyzed by holographic interferometry in Task 3. They did not contain
any electronics, so no special procedures for handling static sensitive devices were necessary.
This section presents a discussion of the Task 3 test results obtained on these modules.

A. Experimental Results - Real-Time HI with Thermal Stressing

This subsection describes the results of real-time HI testing with thermal stressing of the
four modules supplied for this task.

Using real-time HI, each side of a module with a PWB attached was analyzed for the
appearance of surface anomalies induced by thermal stressing. This resulted in the testing of
both sides of each 5 inch by 9 inch module, and one side each of the 5 inch by 6 inch
modules. Thermal stressing in Task 3 was intended to uncover any delaminations in the
PWBs, or possible voids or air trapped between the HEs and the adhesive layer used to bond
the PWBs to the HEs. Note that the presence of trapped air between the PWB and the
adhesive layer was considered unlikely because of the matrix of through-holes in the PWBs
which would allow trapped air to escape as the adhesive was cured under elevated
temperature and pressure during the manufacturing process.

Testing was accomplished by holding each module in a fixture whereby the plastic plenum at
either end was securely clamped against a gasketed aluminum bracket (this is exactly the
fixturing used for pressure stressing in this program). This fixturing was used for thermal
stressing in Task 3 because the rivets used to mount the multi-pin connector attached to the
bottom of each module covered the row of holes used to mount the HEs and PWBs for
thermal stressing in the previous tasks.

Thermal stressing was achieved by both lightly passing a hand over a mounted module and
by heating the surface with a laboratory heat gun. Without exception, real-time HI analyses
revealed no evidence of delaminations on any of the PWBs, nor voids or trapped air between
any of the HEs and the adjacent adhesive layers.

B. Experimental Results - Real-Time HI with Pressure Stressing

This section describes the results of real-time HI testing with pressure stressing of the four
modules supplied for this task.

Using real-time HI, both sides of each module were analyzed for the appearance of surface
anomalies induced by pressure stressing. As in previous tasks, pressure stressing was
expected to reveal the presence of any debonding between the surface sheets and the cooling
fins within the IiEs. Also, as with thermal stressing described above, pressure stressing was
expected in Task 3 to reveal possible voids or air trapped between the HEs and the adhesive
layer used to bond the PWBs to the HEs.
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It is important to note here that for pressure stressing to be effective in revealing debonding
between the surface sheets and the coolin& fins within a HE, the glue seal between the
plastic plenums and the HE must be leak tight to maintain a constant pressure within the
HE as the surroundings of the module are evacuated. If there is even a minor leak at the
plenum/HE interface (i.e., one that would be inconsequential to the performance of the
module in the end product), then sealing the input and output edges of the two plenums (as
is done during pressure stressing in this program) will not keep the interior of the HE at
constant pressure as the surroundings are evacuated. Thus, a pressure differential cannot be
created across the HE surface and pressure stressing does not occur, rendering the test
inconclusive as far as revealing debonds within the HE. (The integrity of the seal at the
plenum/HE interface does not affect the ability of this test to reveal trapped air between the
adhesive layer and the HE.)

According to Dan Buechler at Hughes, the glue seals between the plastic plenums and the
HE are not required by the Air Force to be absolutely leak tight. The integrity of the glue
seal at the plenum/HE interface is considered acceptable if it allows the module to flow a
specified volume of air per unit time at a specified pressure drop between the input and
output plenum. In fact, several of the plenums were found to be loose in Task 3 along a portion
of the length of the glue seal, as evidenced by an obvious movement of the plenum against the
HE when applying pressure to the plenum by hand. One glue seal was weak enough that it
failed as the module was clamped in the test fixture, and could thereafter be taken on and
off the HE as desired (this was the 5 inch by 6 inch module with PWB Part No. ES9499).

The fixturing used for these tests was identical to that used with thermal stressing, described
above. Each module was clamped firmly at either end against silicone rubber gasket
material. Note that the impression of the plenum on the gasket was examined closely at the
conclusion of testing to insure the integrity of the seal during testing. The fixtured module
was then placed in a one cubic foot vacuum chamber fitted with a viewing window. The
chamber was evacuated and a reference hologram was created at 26 to 28 inches of mercury
vacuum (0.07 to 0.13 atmospheres). Air was then reintroduced into the chamber to raise the
pressure an additional 5 to 15 inches of mercury (0.16 to 0.5 atmospheres) and evidence of
surface strains created by the increase in ambient pressure surrounding the module were
then monitored by HI.

Without exception, no HE surface examined by HI showed the characteristic cellular pattern
which was so easily created in Task 2, indicating a pressure differential was not being
established. Because the impression left on the gasket material indicated that each plenum
was sealed at its input or output face, it was concluded that at least one of the two
plenum/HE glue seals on each module was not leak tight, thus precluding the evaluation of
debonding within the HEs.

Furthermore, the examination of each module under pressure stressing did not reveal any
evidence of trapped air between the adhesive layer (bonding a PWB to a HE) and the HE
surface. It was therefore concluded that each PWB was bonded to its respective HE without
air gaps or voids.
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SECTION VII

TASK 4

At the completion of Task 3, discrete electronic components were added by Hughes Aircraft
Co. to the four modules tested in Task 3. These modules were then inspected by
holographic interferometry in Task 4. This section describes these results.

Only thermal stressing was used in Task 4. As explained in Section VI, above, at least one of
the two plenum/HE glue seals on each module was not leak tight, which precluded the
evaluation of debonding within the HEs via pressure stressing. Furthermore, the
examination of each module under pressure stressing in Task 3 did not reveal any evidence
of trapped air between the adhesive layer (bonding a PWB to a HE) and the HE surface. It
was therefore concluded that each PWB was bonded appropriately to its respective HE
without air gaps or voids, and these tests were not repeated during Task 4.

The surface mounted electronic components on each module were static sensitive, requiring
that special precautions be taken when handling and analyzing them. For example, the
stainless steel optical table used in this study was grounded to a water pipe in the laboratory,
and a conductive wrist strap, worn by MetroLaser personnel whenever the modules were
handled, was grounded to the table top. The modules were only removed from their
conductive storage pouches in the vicinity of the optical table.

A. Experimental Results - Real-Time HI with Thermal Stressing

This section describes the results of real-time HI testing with thermal stressing of the four
modules supplied for this task.

Using real-time HI, each side of a module with a PWB attached was analyzed for the
appearance of surface anomalies induced by thermal stressing. This resulted in the testing of
both sides of each 5 inch by 9 inch module, and one side each of the 5 inch by 6 inch
modules. Thermal stressing in Task 4 was intended to uncover any delaminations appearing
in the PWBs or any debonding between the PWBs and the underlying HEs appearing since
Task 3 testing, or any anomalous movement or behavior of the surface mounted electronic
components that would indicate a lack of mechanical integrity, a weak solder joint, etc.

Testing was accomplished by holding each module in a fixture whereby the plastic plenum at
either end was securely clamped against a gasketed aluminum bracket (this is exactly the
fixturing used for pressure stressing in Tasks 1, 2, 3, and 9). Thermal stressing was achieved
by both lightly passing a hand over a mounted module and by heating the surface with a
laboratory heat gun. Without exception, real-time HI analyses revealed no evidence of 1)
delaminations in any of the PWBs, 2) any debonding appearing between the PWBs and the
underlying HEs, or 3) any anomalous movement or behavior of the surface mounted
electronic components that would indicate a lack of mechanical integrity or a weak solder
joint, etc.

In spite of the absence of detectable flaws, several interesting phenomena were observed
during Task 4 testing. First, each of the 5 inch by 6 inch modules contained three large
electronic components in metallic packages. Upon the application of heat to achieve
thermal stressing, a distinct bull's-eye pattern appeared on each of the three components
(Figure 8). The bull's-eye pattern was centered on each component, indicating that the
component did not undergo rigid body movement relative to the underlying PWB. but
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instead the surface expanded (or contracted) toward (or away from) the camera. A full 20
fringes (approximately 5 microns) of movement was detected.

Second, the small ICs on the 5 inch by 9 inch modules underwent rigid body movement
relative to the underlying PWB (but no surface distention or contraction) when subjected to
thermal stressing as evidenced by the "ruler straight" fringes that appeared on each IC (as
opposed to the bull's-eye pattern on the metallic components). However, each IC assumed a
random orientation relative to its neighbor as evidenced by the random orientation of the
straight fringes on one IC relative to the fringe orientation on an adjacent IC. Phase shifting
resulted in a fascinating video display of fringes moving in all directions.

Lastly, the 5 inch by 9 inch modules (and to a lesser extent the smaller modules) exhibited
very high surface contrast between, for example, the individual leads and the underlying
PWB. The individual leads on the ICs were overexposed by the holocamera when the PWB
or the plastic/ceramic ICs were correctly exposed, making it difficult to simultaneously
image fringes on the individual leads and the underlying PW.
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SECTION VIII

TASKS 5,6, AND 7

Tasks 5, 6, and 7 differed only in the specific processing that the modules were subjected at
Hughes Aircraft Co. prior to each task. That is, prior to Tasks 5, 6, and 7, the four
electronics modules were conditioned, subjected to power-on screening, and subjected to
system bum-in, respectively.

Throughout Tasks 5, 6, and 7, each side of a module with a PWB attached was analyzed
using real-time HI for the appearance of surface anomalies induced by thermal stressing.
Testing was accomplished in a manner identical to that used in Task 4, described in Section
VII, above. In each of the three tasks, preventative measures were taken to insure that the
modules were not damaged by electrostatic discharge, as described in Section VII, above.
Without exception, real-time HI analyses in all three tasks revealed no evidence of 1)
delaminations in any of the PWBs, 2) any debonding appearing between the PWBs and the
underlying HEs, or 3) any anomalous movement or behavior of the surface mounted
electronic components that would indicate a lack of mechanical integrity or a weak solder
joint, etc.

The same three phenomena observed in Task 4 regarding the response of the modules to
thermal stressing (discussed in more detail in Section VII, above) was also observed in each
of Tasks 5, 6, and 7. These included 1) the bull's-eye pattern on the three large ICs in
metallic packages, 2) the rigid body motion of the small ICs, and 3) the high contrast of the
solder leads relative to the underlying PWB.
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SECTION IX

SUMMARY AND CONCLUSIONS

This report has presented the documentation and discussion of the evaluation of electronics
modules using holographic interferometry. The program was organized into nine tasks, as
discussed in the introduction to this report. The following is a brief summary of the program
results, organized by task, including a statement of the conclusions reached in this program:

Task 1 saw the initial application of a variety of specialized equipment for real-time and
time-average holography in the analysis of HEs and PWBs. Fixturing was developed to
securely mount two calibration HEs and two calibration PWBs to facilitate the use of a
variety of thermal, vibrational, and pressure stressing methods. The methodology,
procedures, stress methods, and fringe enhancement techniques were selected and applied
successfully in Task 1.

Of the various stressing methods applied to the calibration pieces, pressure stressing proved
successful in Task 1 in revealing areas of debonding in one of the calibrated HEs, as verified
by ultrasonic analysis at Hughes.

The analysis of the two calibration PWBs in Task 1 was inconclusive because of a
manufacturing error which resulted in the absence of delaminations. It was decided at this
point that two new calibration PWBs would be created and analyzed by HI in a new task,
designated Task 8. The successful application of thermal stressing in Task 8 revealed an
inclusion in one of the new calibration PWBs.

At the completion of Tasks 1 and 8, the following conclusions had been reached:

" HI has the necessary sensitivity and resolution to reveal areas of debond within the
HEs when applying pressure stressing.

" Areas of delamination within the PWBs are currently difficult to produce using
photoresist/mold release inclusions. Once produced, however, these delaminations
are very sensitive to thermal stressing.

* HI has the necessary sensitivity to reveal thermally stressed delaminated inclusions
close to the PWB surface.

I

" The ability of HI to reveal deeper delaminations in PWBs has not been assessed
because of the difficulty of reliably producing deep delaminations artificially.

" The resolution of HI in detecting delaminations in PWBs has not been assessed
because of the difficulty of reliably producing artificial delaminations smaller than
1/2 inch diameter.

Task 2 involved the testing by HI of four new HEs and six new PWBs. Based on the
conclusions above, the HEs were pressure stressed and the PWBs were thermally stressed
during HI analysis. Under thermal stressing, no delaminations were seen in the PWBs.
Pressure stressing of the HEs revealed evidence of a minor debond in two of the parts,
although it was jointly decided by MetroLaser and Hughes that these debonds were not
severe enough to warrant rejection of the affected HEs from this program.
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For Task 3, the four HEs and six PWBs tested in Task 2 were assembled into two 5 inch by 9
inch and two 5 inch by 6 inch PWB/HE modules delivered with a plastic plenum glued onto
either end and a multi-pin connector attached with rivets along one edge. The modules
analyzed in Task 3 did not contain any electronics, so no special procedures for handling
static sensitive devices were necessary. Without exception, real-time HI analyses revealed
no evidence of delaminations on any of the PWBs when using thermal stressing, nor voids or
trapped air between any of the HEs and the adjacent adhesive layers when using either
thermal or pressure stressing. Since at least one of the two plenum/HE glue seals on each
module was not leak tight, the evaluation of debonding within the HEs could not be
performed.

For Task 4, discrete electronic components were added by Hughes Aircraft Co. to the four
modules tested in Task 3. These electronic components were static sensitive, requiring that
special precautions be taken when handling and analyzing them (i.e., the optical table was
grounded, MetroLaser personnel wore grounded wrist straps when handling the modules,
and the modules were only removed from their conductive storage pouches in the vicinity of
the optical table). Without exception, real-time HI analyses using thermal stressing revealed
no evidence of 1) delaminations in any of the PWBs, 2 any debonding appearin& between
the PWBs and the underlying HEs, or 3) any anomalous movement or behavior of the
surface mounted electronic components that would indicate a lack of mechanical integrity or
a weak solder joint, etc.

For Tasks 5, 6, and 7, the modules were conditioned, subjected to power-on screening, and
subjected to system burn-in, respectively, at Hughes AKrcraft Co. After each process, the
modules were delivered to MetroLaser and analyzed by real-time HI using thermal stressing.
No physical flaws were detected in these tasks.

The work performed in Tasks 4 through 7 resulted in the following conclusions:

* .Cs in metallic packages take up heat at a much greater rate than nonmetallic ICs or
the PWB to which they are mounted. This results in the appearance of a distinct
bull's-eye pattern centered on each of the metallic packages when heated. This fringe
pattern does not by itself indicate a flaw, but indicates only that the surfaces of the
ICs are expanding toward (or away from) the camera.

* When heated, the small ICs on the 5 inch by 9 inch modules will undergo rigid body
movement relative to the underlying PWB as evidenced by the "ruler straight" fringes
that appear on each IC (as opposed to the bull's-eye pattern on the metallic
components). Each IC assumes a random orientation relative to its neighbor as
evidenced by the random orientation of the straight fringes on one IC relative to the
fringe orientation on an adjacent IC.

e The 5 inch by 9 inch modules (and to a lesser extent the smaller modules) exhibit very
high surface contrast between, for example, the individual conductive leads and the
underlying PWB. The individual leads on the ICs are overexposed by the holocamera
when the PWB or the plastic/ceramic ICs are correctly exposed, making it difficult to
simultaneously image fringes on the individual leads and the underlying PWB.
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Figure D- I. Schematic diagram of typical holographic interferometry setup.

Figure D-2. Real-time interferogram of circular fringes resulting from general distortion of
calibration heat exchanger as heat is applied uniformly over back surface with
Minco Thermofoil Heater.
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Figure D-3. Time-average interferogram of the calibration heat exchanger taken at a
vibrational frequency of 53 kHz.

Figure D-4. Real-time interferogram showing the internal cellular structure of the sample
heat exchanger cooling channels under an applied pressure stress.
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Figure D-5. Real-time interferogram showing the internal central rib of the calibration
heat exchanger under an applied pressure stress.

Figure D-6. Real-time interferogram of areas of debonding (ellipse) beneath the surface of
the calibration heat exchanger under applied pressure stress.
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Figure D-7. Real-time interferogram revealing the presence of debonds (circled) using
thermal stressing induced by naturally occurring environmental temperature
changes on the 5inch by 9 inch printed wiring board.

Figure D-8. Typical interferometric fringes appearing as a bull's-eye pattern on each of the
three ICs in metallic packages on the analog linear regulator modules.
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APPENDIX E

CALIBRATION PWBs FOR
HOLOGRAPHIC INTERFEROMETRY

INTERDEPARTMENTAL CORRESPONDENCE

TO D. W. Buechler C; M. D. Beam DATE: May 8, 1989
ORG 76-41-22 J. M. Kallis REF: 7631.41/1136

L. J. Kane
SUBJECT Delaminated Printed File FROM: D. S. Huff

Wiring Boards ORG: 76-31-41

BLDG. El MAIL STAC 1 8 7

LOC. EO PHONE 6 1 6 - 6 0 2 6

Technology Support Division (TSD) fabricated one printed
wiring board of part number 3569825 (epoxy) and one printed
wiring board of part number 3562151-30 (polyimide).
Delamination was purposely induced by applying a pattern of
0.002-inch aqueous photoresist onto some of the etched
inner layers, prior to lamination. The patterns fell on
both copper and laminate as shown in the attached figures.
They were applied to layers 2 and 3 of part number 3569825
and to layers 2, 7 and 13 of part number 3562151-30. The
patterns could not be placed between layers derived from a
single sheet of copperclad. Instead, they were placed
between layers bonded together by prepreg. For this
reason, the pattern on layer 7 fell between layers 6 and 7,
instead of between layers 7 and 8, as you requested. The
patterns were also applied to the coupons (layer 3 of P/N
3569825 and layer 7 of P/N 3562151-30). Delamination will
be enhanced by applying heat.

DS. Hu f f , T II

Soldering & Interconnections Group
Application Engineering Section

R. W.kClark, Head "
Application Engineerinj Section
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APPENDIX F

THERMAL ANALYSIS OF THE F-15 PSP
TIMING AND CONTROL MODULE

INTERDEPARTMENTAL CORRESPONDENCE

TO: R. D. Ritacco CC: Distribution DATE: September 2,1988
ORG: 76-41 REF: 722620/1292

SUBJECT: Thermal Analysis of the F-15 PSP FROM: W. J. Hoskins
Timing and Control Module ORG: 72-26-22

BLDG: E12 MAILSTA.: B103
LOC: EO PHONE: 414-6850

REFERENCE: 'F-18 Thermal Library," from W. K. Hammond, dated May 23,1980.

User F18LIB [12101,202]. Job F18THM Seg. 1028

SUMMARY

A detailed thermal analysis of the PSP Timing and Control module in the Signal Processor unit
fcr the F-15 aircraft has been performed. The purpose of the analysis was to predict the
maximum steady-state operating temperatures of all components on the module.

The Timing and Control is a flow-through module that consists of two printed wiring
boards(PWB's) mounted on a rectangular heat exchanger. The heat exchanger is made of
rectangular plate finstock (7.OR-. 1 25-.5(O)-.006A]) sandwiched between two .008 inch thick
6061-T6 Aluminum facesheets.

The module power dissipation is 47.8 Watts. The component dissipations were supplied by W.
Hammond (72-26) in the Reference. The inlet air is at 29.40c(850F) and the air flow rate
through the module is .202 lb/min.

KEY RESULTS

The hottest component is U2517 with a junction temperature of 930C. The hottest resistor and
capacitor are RI 106 and C151 with case temperatures of 880C and 670C. respectively.

W. J. Hosin,

THERMODYNAM_,S DEPARTMENT

Approved: __ _ _ _ _ _ _

I. B.-Curry, Section Head
THERMODYNAMICS DEPRTMENT

WJH:jw
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THERMAL ANALYSIS OF THE F-15 PSP

TIMING AND CONTROL MODULE

BY

W. J. HOSKINS

INTRODUCTION

A detailed thermal analysis of the PSP Timing and Control module in the Signal Processor unit
for the F-1 5 aircraft has been performed. The purpose of the analysis was to predict the
maximum steady-state operating temperatures of all components on the module.

The Timing and Control is a flow-through module that consists of two printed wiring
boards(PWB's) mounted on a rectangular heat exchanger. The heat exchanger is made of
rectangular plate finstock (7.OR-.125-.5(O)-.006AI) sandwiched between two .008 inch thick
6061-T6 Aluminum facesheets.

The module power dissipation is 47.8 Watts. The component dissipations were supplied by W.
Hammond (72-26) in the Reference. The inlet air is at 29.40C(850F) and the air flow rate
thrn ,gh the modt-le is .202 lb/min.

ANALYSIS INPUTS

Physical Design

The PSP Timing and Control is a flow-through module that consists of two printed wiring
boards(PWB's) mounted on a rectangular heat exchanger. The heat exchanger is made of
rectangular plate finstock (7.0R-.125-.5(O)-.006AI) sandwiched between two .008 in thick 6061-
T6 Aluminum facesheets. The facesheets are 9.5 inches long and 5.0 inches wide. The
facesheets are supported on two sides by spacers that are 9.5 inches long and 0.120 inches
high. The width of the spacer is .255 inches on bottom edge of the facesheet, and .472 inches
on the top edge.

A printed wiring board is bonded to each side of the heat exchanger per the requirements of
HPR 42001 /1 (which calls for material HMS 20-2010). The printed wiring boards are made of
.091 inch thick polyimide and include 14-1 ounce layers of copper. The components are
mounted to the printed wiring boards to meet the requirements of HPR 31001/1. Figures 1 and
2 show the flow-through configuration of the Timing and Control module.

Coldplate Dimensions-
Length, 9.5 inches
Width, 4.25 inches
Height, 0.125 inches

Fin Characteristics-
Pitch, 7
Height, 0.125 inches
Offset Length, 0.5 inches
Material Thickness, 0.006 inches

F-2
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Thermal Configuration

The heat originates in the components and then must travel through the case, leads and any
bonding material present to the mounting surface. The heat must then enter the board and be
conducted to the heat exchanger. Finally the heat is conducted through the heat exchanger to
the cooling air. The 24.90C(850F) cooling air is forced through the inlet guide of the module at a
flow rate of 0.202 lb/min. It passes through the heat exchanger and receives the heat dissipated
by the components.

Operating Conditions

Power Dissipation 47.8Watts

Cooling Air
inlet Temperature 29.40C(850F)
Flow Rate 0.02021b/min

Material Properties

Material Thermal Conductivity

Aluminum 6061 -T6 4.0 W/inOc (91 Btu/hr-ft-OF)

Polyimide
X-Y plane 0.021 W/inOC (0.47 BTU/hr-ft-OF)
Z direction 0.01 W/inOC (0.23 BTU/hr-ft-OF)

Copper 9.7 W/inOC (218 BTU/hr-ft-OF)

HMS 20-2010 0.0066W/inOC (0.15 BTU/hr-ft-OF)

Component bond material

Flow Under, Adhesive .005 W/inoC
Polysulfide Paste .0085 W/inoC

Assumption

Power dissioations less than .5.,'W ",were omitted.

ANALYSIS METHOD

A mathematical model was built to represent the heat exchanger, the printed wiring boards, and
the airflow through the heat exchanger. The model was created to account for conduction and
convection within and from the module. To model the air flow, one-way conductors were used.
To calculate the convective heat transfer coefficient between the air flow and the heat
exchanger, in-house computer software(COLDPLATE) was used. COLDPLATE is a program
especially developed to determine the heat transfer coefficient, pressure drop, fin effectiveness
and air exhaust temperature for a given fin, power, coldplate and cooling air conditions.

The model was analyzed using the Automated Thermal Data Processor (ATDP) computer
program. This program incorporates the CINDA finite differencing thermal analysis program
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with a pre-processor and post-processor developed specifically to calculate the mounting

surface, case, and junction temperatures (where applicable) of each component.

RESULTS

The hottest component is U2517 with a junction temperature of 930C. The hottest resistor and
capacitor are RI 106 and C1 51 with case temperatures of 880C and 670C respectively.

Table 1 provides the predicted component operating temperatures for the Timing and Control
module. This table includes the power dissipation, predicted mounting surface, case, and
junction temperatures (where applicable). Figures 3 through 12 give the layouts, dissipations,
mounting surface temperatures, case temperatures and junction temperatures for the
components on the front and rear sides of the module.

REFERENCE: "F-18 Thermal Library," from W. K. Hammond, dated May 23,1980.
User F18LIB [12101,202], Job F18THM Seg. 1028
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TABLE F-i PAGE 16

F-I5 TIMING AND CONTROL

STEADY STATE

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBE.? (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

CliIOB 905578-73B e.oee 49. 49.
Cili M39003/92-079 8.686 58. 58.
C112 905570-738 0.00 55. 55.
C113 985576-73B 0.600 52. 52.
0115 905576-73B 0.060 38. 38.
0116 905570-73B 0.o0e 35. 35.
0117 M39003/02-0079 0.000 35. 35.
0121 905570-73B 0.oo0 58. 58.
0122 905570-73B 0.088 57. 57.
0123 905570-738 8.088 54. 54.
C124 M390e.3/e2-0079 0.000 47. 47.
C125 905570-738 0.000 38. 38.
0126 905570-73B 8.0 36. 36.
0127 905570-738 0.000 32. 32.
C131 905570-738 0.000 59. 59.
C132 905570-73B 0.000 58. 58.
C133 905570-736 0.000 55. 55.
C134 905570-73B 0.000 50. 50.
C135 905570-73B 0.000 40. 40.
C136 905570-738 0.080 36. 36.
C137 905570-738 0.000 33. 33.
C141 M39eO3/02-8068 0.080 63. 63.
C1414G M39963/02-9e87 0.668 43. 43.
01415C 905570-738 0.088 38. 38.
0142 98S570-738 0.888 62. 62.
0143 905570-738 0.008 58. 58.
0144 M39003/02-0068 0.688 53. 53.
C145 965570-738 0.660 43. 43.
C146 905578-73B 0.686 38. 38.
C147 M39683/e2-0068 0.000 34. 34.
0151 985570-738 0.666 67. 67.
C152 905570-738 0.080 65. 65.
C153 985570-73B 0.680 59. 59.
0154 905570-738 8.000 55. 55.
C155 905578-738 0.060 46. 46.
C156 905570-73B 068 46. 40.
C157 905570-73B 0.000 36. 36.
0162 90557e-738 0.000 63. 63.
0163 965570-738 0.0 60. 60.
0164 905570-73B 0.000 55. 55.
C165 965578-73B 8.680 48. 48.
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TABLE F-i (Continued) PAGE 17
F-15 TIMING AND CONTROL

STEADY STATE

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEC C) (DEC C) (DEG C)

C166 965576-736 6.86 43. 43.

C167 965570-73B e.eee 38. 38.
C172 965570-738 e.eee 64. 64.
C173 905570-73B e.ee 61. 61.

C174 905570-73B 8.088 56. 56.

C175 905570-73B 0.000 50. 50.
C176 905570-738 0.000 46. 46.

C177 905570-738 0.000 42. 42.

C21041 905570-738 0.000 36. 36.

C211 905570-73B 0.000 34. 34.
C21101 905570-73B 0.000 46. 46.

C2116I 905570-738 0.00 55. 55.

C212 905570-738 e.000 36. 36.

C213 905570-73B e.000 39. 39.

C214 905570-738 e.ee 48. 46.
C215 905570-738 0000 52. 52.

C216 90557e-73B 0.e00 55. 55.

C221 905570-73B 0.000 33. 33.

C222 905570-73B 0.000 36. 36.

C223 905570-738 0.000 39. 39.

C224 905570-73B 0.000 46. 46.

C225 905570-73B 8.000 54. 54.

C226 905570-73B 0.000 57. 57.
C227 905570-736 0.000 59. 59.

C231 905570-738 8.888 34. 34.

C232 905570-73B e.eee 37. 37.
C233 985570-73B 0.000 41. 41.

C234 905570-73B 8.888 48. 48.
C235 905570-73B 0.000 55. 55.
C236 905570-738 e.008 58. 58.
C237 905570-738 6.888 60. 60.
C241 M39003/02-0068 0.000 36. 36.

C242 9e5570-738 e.eee 41. 41.

C243 90557e-738 8.ee 45. 45.

C244 M390e3/82-6068 8.e8 5e. 50.
C245 905570-73B e.eee 58. 58.
C246 905570-73B 0.000 68. 68.

C247 M39003/02-0068 8.8ee 63. 63.

C251 905570-73B 0.888 38. 38.
C252 905570-738 e.e0e 43. 43.

C253 905578-73B 8.eee 47. 47.
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TABLE F-i (Continued) PAGE 18

F-15 TIMING AND CONTROL
STEADY STATE

* S**00OIO**********OO**************OO*****OQOOQ0*****

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
***.e** .. eee.eO*e..*O*OO*eeOeSeeS~*e*S**.OOQQe*eeee

C254 965576-73B 6.666 52. 52.
C255 985576-738 6.666 60. 60.
C256 965576-738 6.666 63. 63.
C257 905576-73B ,.ee 65. 65.
C261 965570-738 6.600 40. 46.
C262 905570-738 e.eee 45. 45.
C263 905570-738 6.666 49. 49.
C264 905570-738 6.066 53. 53.
C265 905570-73B e.eee 60. 60.
C266 965570-73B 0.000 63. 63.
C267 985570-73B 6.606 64. 64.

C271 905570-738 6.660 42. 42.
C272 905570-73B 6.6e0 47. 47.
C273 905570-73B 0.006 51. 51.
C274 905570-73B 6.006 54. 54.
C275 905570-73B 0.660 60. 60.
C276 905570-73B e.eee 62. 62.
C27/ 905570-738 0.60 63. 63.
CRliG JANTX1N4150-1 0.066 42. 42. 42.

CR1115A JANTX1N4150-1 0.000 35. 35. 35.
CR1215A JANTX1N4150-1 0.000 36. 36. 36.
CR1215C JANTX1N4150-1 6.666 36. 36. 36.
CR1316A 925974-18 e.eee 36. 36. 36.
Rl103 M8340163M27ROJA 6.07e 55. 56.

Rl1i6 955230-8B 0.100 52. 88.
R1111A RCR67G161JS 0.040 42 43.
R1111C RCRB7G512JS 0.040 42. 43.

RIlIE RCR67G100JS 0.046 42. 43.
R1112B RLR32C348FP 0.646 42. 43.
R1112F RLR32C348FP 6.646 42. 43.
R1113B RLR32C348FP 6.646 38. 39.
R113F RLR32C348FP 0.46 38. 39.
R1114B RLR32C348FP 6.e4e 38. 39.
R1114F RLR32C348FP 6.646 38. 39.

R1115C RCR67G160JS 0.4e 35. 36.
R1116 M8340103M27ROJA e.e76 35. 37.

R114 RCRe7G121JS 0.040 46. 47.
R1215E RCRe7G27eJS 0.04e 36. 36.
R1303E RCR07G276JS 0.040 58. 59.
R1303G RCR67G27eJS 6.646 58. 59.
R1414A RCRe7G152JS e.e46 43. 43.
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TABLE F-1 (Continued) PAGE 19
F-15 TIMING AND CONTROL

STEADY STATE

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

R1414C RCRO7G1O2JS e.e40 43. 43.

R1414E RCR07GIOJS 0.840 43. 43.

R1415A RCR07G392JS e.640 38. 39.

R1415E RCRe7G82OJS 0.040 38. 39.

R1415G RCR07G33eJS 8.040 38. 39.

R217 RNC5eH3161FS e.070 57. 60.

R2105 M8340183M27ROJA 0.070 39. 41.

R2107 M8340103M27ROJA 0.070 43. 44.

R2113 M8340103M27ROJA e.070 52. 53.

R2116 M8340103M27ROJA 6.e7e 55. 56.

R2117 M8340103M27ROJA 0.070 57. 59.

R2118 M8340103M27ROJA 0.070 57. 59.

Ul101 932849-18 0.300 58. 65. 80.

U1102 932849-18 0.300 58. 65. 80.

U1104 932783-28 0.092 55. 57. 59.

U1105 M38510/30003BDX 0.013 52. 52. 52.

U1107 932730-28 0.173 49. 53. 63.

U1108 M38510/07001BDX 0.079 49. 51. 52.

U1109 932730-28 0.173 46. 50. 60.

Ul i1 932730-2B 0.173 46. 50. 60.

U1203 932849-18 8.300 57. 63. 78.

U1204 932783-2B 0.092 57. 59. 61.

U1205 932730-28 0.173 54. 58. 69.

U1206 932614-38 0.473 54. 65. 75.

U1207 M3851e/e7003BDX 0.118 50. 53. 55.

U1208 M38510/07301BDX 0.113 50. 52. 55.

U1209 M38518/07063BDX 0.118 47. 49. 52.

U1210 M38518/07003BDX 0.118 47. 49. 52.

U1211 932820-226 0.472 43. 51. 75.

U1216 M38510/07003BDX 0.118 36. 38. 41.

U1304 932616-501B 0.100 58. 60. 66.

U1305 M38510/070038DX 0.118 55. 58. 60.

U1306 M38510/070018DX 0.079 55. 57. 59.

U1307 932614-3B 0.473 53. 63. 74.

U1308 M38510/34102BFX 0.168 53. 57. 61.

U1309 932614-38 0.473 50. 60. 70.

U1310 M3851e/34102BFX 0.168 50. 53. 57.

U1311 932756-18 0.100 44. 47. 52.

U1312 932756-18 0.100 44. 47. 52.

U1313 932783-2B 0.092 40. 42. 44.

U1314 932783-2B 0.092 40. 42. 44.
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F-15 TIMING AND CONTROL

STEADY STATE
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MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

U1315 928063-501B 0.695 36. 38. 64.
U1401 932730-2B 0.173 63. 66. 77.

U1462 M3851e/67461BDX e.057 63. 64. 65.

U1403 M3851e/e74e1BDX e.e57 62. 63. 64.

U1404 932614-38 0.473 62. 72. 82.
U1405 M38510/e7061BDX e.679 58. 6e. 62.
U1406 932614-38 0.473 58. 69. 79.

U1407 932727-1B 0.447 57. 66. 84.
U1408 932820-218 0.472 57. 65. 88.

U1409 932727-1B 0.447 53. 63. 81.
U1410 932727-1B 0.447 53. 63. 81.
U1411 932614-3B 0.473 48. 58. 68.
U1412 M38510/e8elBDX 0.899 48. 50. 52.
U1413 M38510/070018DX 0.079 43. 44. 46.
U1501 932709-18 0.525 67. 78. 89.
U1502 932709-1B 0.525 67. 78. 89.
U1503 932709-1B 0.525 65. 76. 87.
U1504 932614-3B 0.473 65. 75. 85.
U1505 M38510/070e3BDX 0.118 59. 62. 64.
U1506 M38510/07009BFX 0.022 59. 60. 60.

U1507 932709-18 6.525 59. 78. 82.
U15e6 932820-217 0.472 59. 67. 91.

U1509 932820-219 6.472 55. 63. 87.
U1510 93282e-220 0.472 55. 63. 87.

U1511 M38510/07501BOX 6.263 50. 56. 62.

U1512 932746-18 0.342 50. 58. 78.
U1513 932746-18 0.342 46. 53. 73.
U1514 M38516/3065BDX 0.084 46. 47. 49.
U1515 M38510/3e658DX 0.084 40. 42. 44.
U1516 M38510/3e6658DX 0.684 40. 42. 44.
U1517 M38516/366058DX 0.084 36. 38. 4e.
U1518 932749-18 0.158 36. 40. 49.
U1601 936739-18 0.160 63. 75. 80.

U1603 932730-28 6.173 63. 67. 77.

U1604 M38510/54102BFX 6.168 63. 67. 7e.
U1605 M38510/e70098FX e.022 66. 60. 60.
U1606 M3851e/e86lBDX e.99 60. 62. 64.
U1607 932709-18 0.525 59. 71. 82.
U1608 932746-18 e.342 59. 67. 87.
U1609 932732-18 0.289 55. 62. 68.
U1610 932732-18 0.289 55. 62. 68.
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F-15 TIMING AND CONTROL
STEADY STATE

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

U1611 932820-215 0.472 52. 60. 84.

U1612 M3851e/e7ee3BDX 0.118 52. 55. 57.

U1613 932749-1B 0.158 48. 51. 60.

U1614 932749-18 0.158 48. 51. 60.

U1615 932749-1B 0.158 43. 46. 56.

U1616 932749-18 0.158 43. 46. 56.

U1617 932749-18 0.158 38. 42. 51.

U1618 932749-1B 0.158 38. 42. 51.

U1703 932730-28 0.173 64. 67. 78.

U1704 932709-lB 0.525 64. 75. 86.

U1705 932709-1B 0.525 61. 72. 84.

U1706 932690-1B 0.053 61. 62. 63.

U1707 932746-1B 0.342 59. 66. 87.

U1708 932746-1B 0.342 59. 66. 87.

U1709 932732-18 0.289 56. 62. 68.

U1710 932732-1B 0.289 56. 62. 68.

U1711 932820-224 0.472 53. 61. 84.

U1712 M38510/33701BFX 0.033 53. 53. 54.

U1713 932746-1B 0.342 50" 57. 77.

U1714 932746-18 0.342 50. 57. 77.

U1715 932746-1B 0.342 46. 53. 73.

U1716 932746-18 0.342 46. 53. 73.

U1717 932746-1B 0.342 42. 49. 69.

U1718 932746-18 0.342 42. 49. 69.

U2101 M38510/O7003BDX 0.118 34. 36. 39.

U2102 M38510/07003BDX 0.118 34. 36. 39.

U2103 M38510/07003BDX 0.118 36. 38. 41.

U2104 M38510/07003BDX 0.118 36. 38. 41.

U2106 932849-1B 0.300 39. 46. 61.

U2108 932849-18 0.300 43. 49. 64.

U2109 932730-28 0.173 46. 50. 60.

U2110 932730-28 0.173 46. 50. 60.

U2111 932730-28 0.173 49. 53. 63.

U2112 932730-2B 0.173 49. 53. 63.

U2114 932728-18 0.079 52. 53. 55.

U2115 932728-18 0.079 55. 56. 58.

U2201 932726-18 0.084 33. 35. 40.

U2202 932726-18 0.084 33. 35. 40.

U2203 M38510/e7003BDX 0.118 36. 39. 41.

U2204 H990436-001B 0.122 36. 39. 44.

U2205 H990436-0018 0.122 39. 42. 48.
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F-15 TIMING AND CONTROL
STEADY STATE

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

U2206 H990436-0018 0.122 39. 42. 48.
U2207 H990436-OOIB 8.122 43. 45. 51.

U2208 932726-1B 0.084 43. 45. 49.
U2209 932726-1B 0.084 46. 48. 53.
U2210 932728-1B 6.079 46. 48. 50.
U2211 932728-18 6.079 50. 51. 53.
U2212 932728-IB 0.079 50. 51. 53.
U2213 M38510/07003BDX e.118 54. 56. 59.
U2214 932849-1B 0.300 54. 60. 75.
U2215 M38510/07003BDX 6.118 57. 59. 62.
U2216 932849-18 0.30e 57. 63. 78.
U2217 932849-1B 0.30e 59. 66. 81.
U2218 932849-18 0.300 59. 66. 81.
U2301 M38510/07316BDX 0.113 34. 36. 39.
U2302 932728-1B 0.079 34. 36. 37.

U2303 932728-1B 0.079 37. 39. 41.
U2304 932749-18 0.158 37. 41. 50.
U2305 932749-1B 0.158 41. 44. 34.
U2306 932749-1B 0.158 41. 44. 54.
U2307 932749-18 0.158 45. 48. 57.

U2308 932749-1B 0.158 45. 48. 57.
U2309 932749-18 0.158 48. 52. 61.
U2310 H990436-001B 0.122 48. 51. 57.
U2311 M38510/080elBDX 0.099 51. 53. 56.
U2312 M38510/303e1BDX 0.012 51. 52. 52.
U2313 932728-16 0.079 55. 57. 59.
U2314 H990436-OOIB 0.122 55. 58. 63.
U2315 H990436-0018 e.122 58. 61. 66.
U2316 M38510/07001BDX 0.079 58. 60. 61.
U2317 932685-18 e.035 60. 60. 63.
U2318 M38510/300618OX 0.008 60. 60. 60.
U2401 M38510/e7301BDX 0.113 36. 38. 41.
U2402 932736-1B e.3q4 36. 44. 53.
U2403 932736-1B 9 394 41. 49. 58.
U2404 932736-16 0.394 41. 49. 58.
U2405 9327.36-1B 8.394 45. 53. 62.

U2406 932736-18 e.394 45. 53. 62.
U24(L7 932736-16 0.394 47. 56. 65.
U2406 932690-1B 0.053 47. 49. 50.
U2409 932690-18 e.053 50. 51. 53.
U2410 932756-1B e.ee 50. 52. 58.
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F-15 TIMING AND CONTROL
STEADY STATE

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

U2411 M38510/30301BDX e.012 54. 54. 54.
U2412 M38516/07061BDX 6.679 54. 55. 57.
U2413 M3851e/07003BDX 0.118 58. 61. 64.
U2414 932614-3B 0.473 58. 69. 79.
U2415 932756-1B 0.100 60. 63. 68.
U2416 932756-1B 0.1e0 66. 63. 68.
U2417 932614-3B e.473 63. 73. 84.
U2418 M38510/07005BDX 0.e59 63. 65. 66.
U2501 932728-1B e.079 38. 39. 41.
U2502 932736-1B 0.394 38. 46. 55.
U2503 932736-1B 0.394 43. 51. 60.
U2504 932736-1B 0.394 43. 51. 60.
U2505 932736-1B 0.394 47. 56. 64.
U2506 932736-18 0.394 47. 56. 64.
U2507 932736-1B 0.394 50. 58. 67.
U2508 932690-18 0.053 50. 51. 52.
U2509 932690-18 0.053 52. 53. 55.
U2510 932756-18 0.100 52. 54. 60.
U2511 M38510/070e18DX 0.079 56. 58. 59.
U2512 M38510/070e3BDX 0.118 56. 58. 61.
U2513 9'2614-3B 0.473 60. 70. 80.
U2514 M38510/08001BDX 0.099 60. 62. 64.
U2515 M38510/07401BDX 0.657 63. 64. 66.
U2516 932614-38 0.473 63. 73. 84.
U2517 932727-1B 0.447 65. 75. 93.
U2518 M38510/07003BDX 0.118 65. 68. 71.
U2601 932736-1B 0.394 40. 49. 57.
U2602 932736-18 0.394 40. 49. 57.
U2603 932736-1B 0.394 45. 53. 62.
U2604 932736-1B 0.394 45. 53. 62.
U2605 932736-18 0.394 49. 58. 66.
U2606 932736-1B 0.394 49. 58. 66.
U2607 932736-1B 6.394 52. 6. 69.
U2608 932690-1B 6.653 52. 53. 54.
U2609 932690-lB 6.653 53. 55. 56.
U2610 932756-1B e.166 53. 56. 62.
U2611 M38510/07001BDX 0.079 57. 58. 66.
U2612 932690-IB 6.053 57. 58. 59.
U2613 M38510/34102BFX 6.168 60. 63. 67.
U2614 M38510/30502BDX 6.632 60. 60. 61.
U2615 M38516/e7003BDX 6.118 63. 65. 68.
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F-15 TIMING AND CONTROL
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MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

U2616 M38510/33981BFX 0.237 63. 68. 73.

U2617 M38510/88081BDX 8.099 64. 66. 68.

U2618 M38516/670018DX 8.879 64. 65. 67.

U2701 932736-18 0.394 42. 51. 59.

U2702 932736-IB 0.324 42. 51. 59.

U2703 932736-1B e.394 47. 55. 64.

U2704 932736-1B 0.394 47. 55. 64.

U2705 932736-IB e.394 51. 59. 68.

U2706 932736-18 0.394 51. 59. 68.

U2707 932736-1B 0.394 52. 61. 70.

U27e8 93269e-lB e.e53 52. 54. 55.

U2709 93269e-18 e.053 54. 55. 56.

U2710 932756-18 0.188 54. 56. 62.

U2711 M38510/07003BDX 6.118 57. 60. 62.

U2712 932690-lB 0.053 57. 58. 59.
U2713 932746-IB 0.342 60. 68. 88.

U2714 M38510/07001BDX 0.079 60. 62. 64.

U2715 M38510/34102BFX 0.168 62. 66. 70.

U2716 M38510/07001BDX 0.079 62. 64. 66.

U2717 M38510/e7083BDX 8.118 63. 65. 68.

TOTAL OF PART DISSIPATIONS: 47.766 WATTS
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APPENDIX G

THERMAL ANALYSIS OF THE F-15 PSP
LINEAR REGULATOR MODULE

INTERDEPARTMENTAL CORRESPONDENCE

TO: J. M. Kallis CC: Distribution DATE: November 7. 1988
ORG: 72-26 REF: 722620/1329

SUBJECT: Thermal Analysis of the F-15 FROM: A. T. Bishop
PSP Linear Regulator Module ORG: 72-26-22

BLDG: El MAILSTA.: D105
LOC: EO PHONE: 616-1048

REFERENCE: AVO, 'Power Dissipations of 3569800 Module," R. M. Nicoletti to J. Kallis,

dated October 26, 1988.

SUMMARY

A detailed thermal analysis of the PSP Linear Regulator module on the Signal Processor unit for
the F-15 aircraft has been performed. An independent thermal analysis was also completed for
the three voltage regulator hybrids U1, U2, and U3 located on the module. The purpose of both
analyses was to predict the nominal steady-state operating temperatures of all components.
The resulting temperatures can then be used to aid the failure analysis of the module.

The total module power dissipation is 7.8 Watts. Of the total power dissipation, the hybrids U 1,
U2. and U3 dissipate 2.26 W, 1.03 W. and .037 W. respectively. The component dissipations
were supplied by R. M. Nicoletti (27-36) in the reference. It should be noted that the component
dissipations used in the analysis were calculated by using ±18 V inputs and maximum loads as
defined in TS 31325-184. The inlet air is at 29.40C (850F) and the module air flow rate through
the module was given as .167 lb/min by W. K. Hammond (72-26).

KEY RESULTS

The hottest discrete component on the printed wiring board is U4 with a junction temperature of
670C. The hottest resistor is R3 with a case temperature of 640C. The pass stage transistors
located inside each of the hybrids U1. U2, U3 have junction temperatures of 440C. 360C, and
360C, respectively.

A. T. Bishop. MTS
THERMODYNAMICS DEPARTMENT

Approved:
E. B. Curry, Section HeaCo; Pr
THERMODYNAMICS DEPARTMENT

ATB:Icg
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THERMAL ANALYSIS OF THE

F- 15 LINEAR REGULATOR MODULE

BY

A. T. BISHOP

INTRODUCTION

A detailed thermal analysis of the PSP Linear Regulator module on the Signal Processor unit for
the F-15 aircraft has been performed. An independent thermal analysis was also completed for
the three voltage regulator hybrids Ul j U2, and U3 located on the module. The purpose of both
analyses was to predict the nominal steady-state operating temperatures of all components.
The resulting temperatures can then be used to aid the failure analysis of the module.

The total module power dissipation is 7.8 Watts. Of the total power dissipation, the hybrids U1,
U2, and U3 dissipate 2.26 W, 1.03 W, and .037 W, respectively. The component dissipations
were supplied by R. M. Nicoletti (27-36) in the reference. It should be noted that the component
dissipations used in the analysis were calculated by using ±18 V inputs and maximum loads as
defined in TS 31325-184. The inlet air is at 29.40C (850F) and the module air flow rate through
the module was given as .167 lb/min by W. K. Hammond (72-26).

ANALYSIS INPUTS

Physical Design

The PSP Linear Regulator is a flow-through module that consists of a printed wiring board
mounted on one side of a rectangular heat exchanger. The heat exchanger is 6.2 inches long,
5.0 inches wide, and .165 inches high. The heat exchanger is made of rectangular plate
finstock (1 .OR-.125-.50-.006A1) sandwiched between two 6061-T6 aluminum facesheets, each
with a thickness of .02 inches.

A printed wiring board is bonded to one of the two aluminum facesheets in the module per the
requirements of HPR42001/1 (which calls for material HMS 20-2010). The printed wiring board
is made of .055 inch thick polyimide and includes a 1 ounce layer of copper. The components
are mounted to the printed wiring board to meet the requirements of DP31367. Figure 1 shows
the flow-through configuration of the Linear Regulator module.

Coldplate Dimensions-
Length, 6.2 inches
Width, 4.25 inches
Height, 0.125 inches

Fin Characteristics-
Pitch, 11
Height, 0.125 inches
Offset Length, 0.5 inches
Material Thickness, 0.006 inches

The positive and negative voltage regulator hybrids consist of a beryllia base layer with two
smaller beryllia substrates mounted on top. All components are mounted to the substrates with
the exception of 07 which is mounted directly to the beryllia base layer. Figure 2 shows the
component layout inside the hybrid.
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Thermal Confiquration

The heat originates in the components and then must travel through the case, leads and any
bonding material present to the surface. The heat must then enter the board and be conducted
to the heat exchanger. Finally the heat is conducted through the heat exchanger to the cooling
air. The 29.40C (850F) cooling air is forced through the inlet guide of the module at a flow rate
of 0.167 lb/min. It passes through the heat exchanger and receives the heat dissipated by the
components.

Oerating Conditions

Hybrid Power Dissipation (Total, 3 hybrids) 3.3 Watts
Remaining Module Dissipation 4.5 Watts

Cooling Air
Inlet Temperature 29.40C (850F)
Flow Rate 0.167 lb/min

The pass stage transistor Q7 located inside each hybrid dissipates 97% of the hybrid's total
power dissipation. The remaining power is distributed among the other components inside the
hybrid. In the analysis, it was assumed that all of the hybrid power dissipation exists in Q7.
Furthermore, it was verified that the increased power density causes less than a 1 OC
temperature difference in the operating temperature of the transistor.

Material Properties

Material Thermal Conductivity

Aluminum 6061-T6 4.0 W/inoC (91 BTU/hr-ft-OF)
Beryllia 6.3 W/inoC (143 BTU/hr-ft-OF)

Polyimide
XoY plane 0.021 W/inOC (0.47 BTU/hr-ft-OF)
Z direction 0.01 WAnOC (0.23 BTU/hr-ft-OF)

Copper 9.7 W/inOC (218 BTU/hr-ft-OF)
Sn/Pb Solder 1.25 W/inOC (28 BTU/hr-ft-OF)
HMS 20-2010 0.0066 WAnOC (0.15 BTU/hr-ft-OF)

Component bond material

HP16-103, Type VI .0085 W/inOC

Hybrid bonding requirements

Assembly Material Conductivity
Chips to Substrate Ablebond 606-2 HMS22-1683, .057

Type Ill, cl.1
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Assembly Material Conductivity
Substrate to base !-.,'2r Ablefilm 506 .020

HMS22-1682, Type IV

Base layer to module facesheet HP16-146 .004
HP16-103, Type VI .0085

Assumption

o Component 07, located on each of the Voltage Regulator hybrids, is mounted to the beryllia
base layer with Sn/Pb solder. All other component bonding requirements are specified
above.

o It was assumed that all of the power dissipation in hybrids U1, U2, and U3 exists in the pass
stage transistor 07.

ANALYSIS METHOD

A mathematical model was built to represent the heat exchanger, the printed wiring boards and
the airflow through the heat exchanger. The model was created to account for conduction and
convection within and from the module. To model the air flow, one-way conductors were used.
To calculate the convective heat transfer coefficient between the air flow and the heat
exchanger, in-house computer software (COLDPLATE) was used. COLDPLATE is a program
especially developed to determine the heat transfer coefficient, pressure drop, fin effectiveness
and air exhaust temperature for a given fin, power, coldplate and cooling air conditions.

The model was analyzed using the Automated Thermal Data Processor (ATDP) computer
program. This program incorporates the CINDA finite differencing thermal analysis program
with a pre-processor developed specifically to calculate the mounting surface, case, and
junction temperatures (where applicable) of each component.

The Voltage Regulator hybrids were analyzed with in-house computer software (HYBRID) that
creates a thermal model based on data base input such as physical dimensions, material
properties, and power dissipations. The program automatically creates nodes, calculates
conductances, and determines component mounting resistances. HYBRID then yields a
thermal model that can be analyzed with the CINDA finite differencing thermal analysis prcgram
to obtain results.

RESULTS

Table 1 provides the predicted operating component temperatures for the Linear Regulator
module. Tables 2 through 4 include the operating temperatures of the components located
inside hybrids U1, U2, and U3, respectively. These tables include the power dissipation,
predicted mounting surface, case, and junction temperatures (where applicable). Figures 3
through 22 give the layouts, dissipations, mounting surface temperaturescase temperatures
and junction temperatures for the components on the printed wiring board and inside the voltage
regulator hybrids.

The hottest discrete component on the printed wiring board is U4 with a junction temperature of
670C. The hottest resistor is R3 with a case temperature of 640C. The pass stage transistors
located inside each of the hybrids U1, U2, U3 have junction temperatures of 440C, 360C, and
360C, respectively.
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TABLE G-1
F-15 PSP LINEAR REGULATOR MODULE
PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEC C) (DEC C) (DEC C)

Cl U3903/01-2544 0.06 34. 34.

C2 M39e03/01-2544 6.00 36. 36.
C3 905570-498 .0.e0 34. 34.
C4 905570-13B 0.000 37. 37.
Cs M3g903/01-2541 0.066 34. 34.
Cs M3903/01-2544 0.066 34. 34.
C7 M390e3/@1-2544 0.06 34. 34.
Ca 965570-498 6.066 32. 32.
C9 905570-103B 6.eee 32. 32.
Cis M39ge3/01-2549 6.0e 32. 32.
Cli 905570-49B 6.680 34. 34.
C12 995570-103B 0.eee 35. 35.

C13 M39603/9l-2549 6.0ee 34. 34.
C14 M39ee3/01-2596 e.00 35. 35.
C15 905570-558 0.00 34. 34.

C16 M39093/01-2552 0.660 37. 37.
C17 M39063/91-2552 0.066 37. 37.
CR2 JANTXIN3606 0.666 37. 37. 37.
CR3 JANTXIN5418 0.0ee 34. 34. 34.
CR4 JANTXlN366e .0ee 34. 34. 34.

CR5 JANTXIN3600 6.466 34. 34. 34.
CR7 JANTX2N2324 0.ee 34. 34. 34.
Q1 928765-502B 3.586 42. 45. 49.
03 JANTX2N29S7A $.0ee 37. 37. 37.
04 JANTX2N2907A 0.0ee 35. 35. 35.
RI RWR89SR237FP 0.059 37. 39.
R2 RWR89SR237FP 0.059 37. 38.

R3 RWR8IS365OFP 0.130 36. 64.
R4 RCRO7G223JR 0.eee 32. 32.
R5 RWRBOSR237FP 0.022 37. 40.
R6 RWRBOSR237FP 0.022 37. 39.
R7 RNC6OH2491FR 0.0e 37. 37.
RB RWR86SR237FP 0.035 37. 39.
R9 RWR8IS3659FP 0.13e 34. 62.
RIO RCRO7G223JR 0.00 32. 32.
Ril RWR89SR5IIFP 0.015 34. 35.

R12 RNC6eH2491FR 0.060 34. 34.
R13 RCRO7G223JR 0.000 34. 34.
R14 RWRSOS1RGOFP 6.00 34. 34.
R1S RNC6OH154OFR 0.00 35. 35.
RIG RCR87G471JR 0.000 37. 37.
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TABLE G-1 (Continued) Page 27
F-15 PSP LINEAR REGULATOR MODULE
PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEC C) (DEG C) (DEG C)

R17 RCR07GI1JR 0.096 37. 37.
RIB RCR07GI02JR 9.009 37. 37.
R20 RNC69H2611FR 8.008 34. 34.
R21 RCR07G222JR .0.00 37. 37.
922 RCR07G332JR o.00e 37. 37.
R23 RCR07GI52JR 090 37. 55.
R24 RNC60H6191FR 6.088 36. 36.
R25 RNC60H6BIIFR 9.00 36. 36.
R26 RCR07G681JR e.eee 34. 34.
R27 RCR07GI02JR e.eee 34. 34.
R28 RCR07G330JR e.0ee 34. 34.
R29 RCR07G181JR 0.080 34. 34.
R30 RWR8eS1Re0FP 0.990 34. 34.
R.31 RCR07GI03JR 0.000 37. 37.
R32 RCR07GI33JR 9.089 37. 37.
R33 RCR07Gie3JR 0.006 37. 37.
R34 RCR07C752JR 0.999 37. 37.
R35 RCR07GI03JR e.0e0 37. 37.
R36 RCR07Gie3JR 0.008 37. 37.
Ul 934266-5018 2.260 39. 43. 44.
U2 934268-5018 1.030 34. 36. 36.
U3 934268-5elB 0.e37 36. 36. 36.
U4 1990446-0018 6.250 39. 52. 67.
VRI JANTXIN964B 6.900 37. 37. 37,
VR2 JANTXIN827 0.650 37. 48. 58.

TOTAL OF PART DISSIPATIONS: 7.769 WATTS
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TABLE G-2
F-15 PSP LINEAR REGULATOR MODULE
Ul -- POSITIVE VOLTAGE REGULATOR HYBRID (DWG 934266)

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

Cl CIRONFO50KISO6 0.080 39. 39.

CR1 IN360 9.090 39. 39. 39.
CR2 IN3600 0.90 39. 39. 39.

CR3 1N360e 0.060 39. 39. 39.

CR4 2N2484 9.60 39. 39. 39.

02 2N2484 e.se0 39. 39. 39.

03 2N2907A 6.600 39. 39. 39.

04 2N2907A 6.606 39. 39. 39.

05 2N3501 6.e06 39. 39. 39.

06 2N4236 0.0e 39. 39. 39.

07 2N5303 2.260 39. 43. 44.
VRI INS25 6.0 39. 39. 39.
VR2 INZ49A 0.06 39. 39. 39.

TOTAL OF PART DISSIPATIONS: 2.260 WATTS
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TABLE G-3
F-15 LINEAR REGULATOR MODULE

U2 -- NEGATIVE VOLTAGE REGULATOR HYBRID (DWG 934268)

ooo**o***soo .. o ooo...*oo.*o*****.oeooee*S.*oe.. So.. ooomo*olee

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEC C) (DEC C)

CI CIRONF 0K006 0.see 34. 34.

CR1 IN3600 a.000 34. 34. 34.

CR2 1N3600 0.00 34. 34. 34.
CR3 1N36ee e.eee 34 4 4

CR4 1N3600 0.000 34. 34. 34.

a1 2N2484 e.eee 34. 34. 34.

02 2N2484 e.ee 34. 34. 34.

03 2N29e7A e.eee 34. 34. 34.

04 2N29e7A e.ee 34. 34. 34.

05 2N3501 e.e0 34. 34. 34.

06 2N4236 0.000 34. 34. 34.

07 2N53e3 1.030 34. 36. 36.

VRI IN825 e.eee 34. 34. 34.

VR2 INZ49A e.eee 34. 34. 34.

TOTAL OF PART DISSIPATIONS: 1.03e WATTS
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TABLE G-4 page 30

F-15 LINEAR REGULATOR MODULE
U3 -- NEGATIVE VOLTAGE REGULATOR HYBRID (DWG 934268)

•.-...... S ---. o-.-...-...S.........g*****g* .... .......... .

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
0*0e 00t00 *.t** 0eaeeeete ee0 ee0 elos.t.t..*a*******

Cl C1RONFOSOKISO6 0.e60 36. 36.

CR1 IN3600 . ee 36. 36. 36.
CR2 1N360 e 000 36. 36. 36.
CR3 1N3680 0 .00 36. 36. 36.
CR4 1N360 0 .00 36. 36. 36.
01 2N2484 0 0ee 36. 36. 36.
02 2N2484 . 0ee 36. 36. 36.
03 2N2907A eee 36. 36. 36.
Q4 2N2907A 0 .ee 36. 36. 36.
05 2N35e1 0eee 36. 36. 36.
06 2N4236 0 0ee 36. 36. 36.
07 2N5303 0 037 36. 36. 36.
VRI 1N825 0 ee 36. 36. 36.
VR2 1NZ49A 0.000 36. 36. 36.

TOTAL OF PART DISSIPATIONS: 0.037 WATTS
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APPENDIX H

JUNCTION-TO-CASE THERMAL
RESISTANCE MEASUREMENTS

(1 of 2)

INTERDEPARTMENTAL CORRESPONDENCE

TO: Distribution Cc:
ORG:

DATE: 05/08/89
PEF: 7641.10/306

SUBJECT: Thermal Resistance Test on FROM: 5. V. Nguyen and
54LS I 63A, HAC 932756 Fremont Reizman

ORG: 76-41

BLDG: El MAILSTA: 128
PROGRAM: ERFM LOC: EO PHONE: 616-4515

INTRODUCTION

This report contains the results of the thermal resistance
junction-to-case (RojC) on sixteen Motorola 54LS 1 63A's, HAC 932756- 1 B,

Four-Bit Binary Synchronous Counter, 16 pin flat package.

The report also covers the Roj C evaluation on two 54LS163, 16 pins

dual-in-line acquired from HAC Electronic Store using both the electrical
and infrared methods.

PRINCIPLES AND PROCEDURE OF THE MEASUREMENTS:

A. Electrical Method:
For the electrical method, the ROjC can be calculated by using the

following:
AT TC *IV I - VII

PD VH* 'H

Where TC (Temperature Coefficient) of the device Is measured by applying
a forward current (IF ) of I mA through the IC substrate isolation diode
under a range of temperatures. TC Is calculated as follows:

IT2 - TII
TC=

IVF2 - VF11

H-I



TemDerature Coefficlent Mea5urement5:

The TC was measured on one set-up sample (S/N IC) and on 3 test samples
(S/N 6, 7, and 16) using the circuit shown In Figure 1. Pin 8(GND), 9(Load),
I O(T), and 1 I(OD) were tied together and connected to the positive 1 mA
supply; pin 16(Vcc) was connected to the negative supply.

Flike 3330 + Pin8,9, lO& II
Constant (RTOMt tied Do410A
Soure- Tmp. Monitor

KeIthley 175A
Autoranging FC-43
Mlu imettr -luorit

pin 16 Hot Plate

Figure H-1. Temperature Coefficient Test Circuit

The forward voltage was measured at 3 different termperatures. The
average TC was calculated to be 2.3 mV/*C. The results are shown in
Table I.

Spf.ttM T1 (00 (m N(C) VT 20 (mV) T (C) VF3(mY) TC
Mmub (mV/¢C)

tC 37.7 .5591 533 .3247 65.5 .4978 2.2

6 23.2 5W2 55.9 .4820 95.1 .3922 2.3

7 23.1 ,5551 543 .4829 90.5 21M 2.3

16 23.2 .5599 54.7 .4869 93.4 .3973 2.3

Table H-I. Temperature Coefficient Data

H-2



C Probe

20pF II
v IDL --0 6

+ +DUT I -- e 1
LS- - -i po I 40..IpF I - - I-N4p

C. 450V
C

7A22

HIGH SPEFji
*MERCURY WETTED REL AY

7 HGS 1009

F-1 4,+ 1 2IV

1 N5618 +12V ( EX1E~RNAL PULSE

30 SEC I okQ 8 114

PULSE 121 1/2 1Op

IjiF 13 1N60 KQd

7 10 N219
+12V T-o r2N2222A N29

)kQ +12V

I N3600

HOLD

1 V Figure H-2. REjo Test Circuit
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BoL.Measurement using the Electrical Method:

The RojCwere measured using the test circuit shown in Figure 2. The DUT

operated under short circuit mode to insure that there was sufficient
dissipated power to obtain an adequate resolution on the differential
voltage change. The pin connections of the DUT are shown in Figure 3.

1 - 16
CLEAR V CC 0 TEST CIRCUIT

2 15

DETEAL CLOCK - CLOCK CARRY OUTPUT
3 14

4 13
B 98 -

C QC
6 11
-_ D QD: _ _

7 P T

OND LOAD -
0 -L TEST CIRCUIT

Figure H-3. Pin Connections of the DUT

The timing diagram is shown in Figure 4. where t I is the time

at which V1 is set as reference on the storage scope, t 2 is the heating

time in which the power dissipates through the DUT, t 2= 30 seconds for

this measurement, t 3 is the time at which the heating power is diverted

from the DUT and the differential voltage is measured, t 3 is measured at

40 miroseconds.

During the t2 Interval, pin 2 was clocked to turn the output (pin I I ) to

a high state. In this mode, the DUT dissipates the highest power that is
necessary for the resolution requirement mentioned earlier.

H-4



V3 __

Y2-- JtsJ

OND 0

lil

Figure H-4. Timing Diagram for Voltage Across the DUT

B. Infrared (Optical) Method

Returning to the definition of ROjC: A

If the device is delidded, it is possible to measure the temperature of the
die from the infrared radiation from its surface. In this way we can
locate the hottest spot on the surface and use its temperature in
computing AT, rather than the average figure given by the large area
Isolation diffusion. The peak temperature, rather than the average
temperature, is the important one in determining the safe operating area.

The same devices used in the electrical measurements were also
measured using the Barnes CompuTherm infrared Imager. This Instrument
provides a direct temperature measurement for all points on the surface,
corrected for emissivity. The device must be delidded, but the die surface
does not have to be painted black to give a known emissivity, unlike
certain older infrared instruments. A temperature map of the die surface
is a side benefit. The results of these measurements are shown in
Table III

I[-5



TEST RESULTS:

The test result of the sixteen Motorola 54LS I63As using the electrical
method is shown in Table 11. The infrared method has not been used on
these production parts.

Specrin IH (mA) VH (V) AYV (mV) R sjC (OC/W)

1 602 4.53 12.5 19.9
2 62.8 4.48 11.5 17.8
3 65.6 4.46 12.8 19.0
4 63.1 4.49 10.4 16.0
5 64.7 4.4? 12.5 18.8
6 63.8 4.48 11.0 16.7
7 64.1 4.48 12.5 18.9
8 63.5 4.49 11.0 16.8
9 67.4 4.44 10.2 14.8
10 64.9 4.47 10.7 16.0
11 63.0 4.49 11.0 16.9
12 63.4 4.49 102 15.6
13 67.5 4.44 13.0 18.9
14 62.0 4.50 10.5 16.4
15 68.3 4.43 13.8 19.8
16 64.7 4.47 10.2 15.3

Table H-2. ROjC Test Results
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Correlation Test:

To check the test results on the electrical method, two set-up samples
(S/N 2C and 3C) were measured for Raj C using the electrical method then
delidded and measured for Rgj C using the infrared imager located in

the Failure Analysis Laboratory.

The results of both methods are shown in Table Ill.

Specvn ELECTRICAL IETHOD OPT CAL METHOD
Numfber

IH VH AV R&JC IH VH AT Rgjc
(mA) (v) (mV) (0CN) (mA) (V) (0) (0C.e)

2C 74-2 4.98 22.0 26.8 62.8 4.50 7.5 26.5

3C 66.5 4.99 23.0 30.2 54.7 4.50 7.7 31.3

Table H-3. Correlation Test Results between
Electrical and Infrared Methods

CONCLUSION

The results obtained from the electrical method give values for RajC

which are slightly lower than the infrared method. The difference was
mainly due to the junction temperature gradient across the IC chip, since
not all portions of the chips dissipate the same amount of power. The
infrared RBjC figures are based on the peak die temperatures.

The two methods are otherwise in good agreement. These results are
therfore mutually confirmatory.

S, V. N - Fremont Reizmbn
H-7



APPENDIX I

JUNCTION-TO-CASE THERMAL

RESISTANCE MEASUREMENTS
(2 of 2)

INTERDEPARTMENTAL CORRESPONDENCE

TO J.M. Kallis C D.H. Buettner DATE: 08 June 1989
ORG 72-26 J.L. Cook REF 7641.20/1649

A.E. Lange
S U-@ECT Thermal Resistance S. Sung FROM: D.W. Buechler

Measurements of ERFM J.A. Zelik ORG 76-41-22
Components Which Did
Not Meet X-Ray BLDG El MAILSTA C132
Acceptance Criteria LOC EO PHONE64650

REFERENCE: S.V.Vguyen, F. Reizman, "Thermal Resistance Test on
54LS163, HAC 932756," IDC 7641.10, dated 8 May 1989.

INTRODUCTION

X-Ray evaluation of the components to be used to fabricate the ERFM
P/N 3562102 SRUs resulted in the identification of a number of the
components which were out of specification with respect to MIL-STD-
883C acceptance criteria for die attach. J.M. Kallis reviewed these
part numbers to determine if placement of components on the SRU of the
same part number would significantly effect the operating temperature
of the part and thereby effect the time to failure of that part. He
found that in some cases there was a significant temperature
difference, as much as 200C, for components of the same part number
depending on where they were placed on the module. Therefore, placing
a component with a higher thermal resistance, which would be expected
for a component with a high degree of voiding in the die attach, in a
position where it would operate at a higher temperature, should
accelerate the failure of the device. This would be beneficial to the
ERFM Program in that an early failure means that less combined
environment reliability testing (CERT) would be required. In order to
better predict failure free operatina period the junction to case
thermal resistance (Ro ) of the components for which placement on the
SRU might effect time to failure were measured.

THERMAL RESISTANCE MEASURFMENTS

Set up, calibration and initial thermal resistance measurements of
ERFM components are documented in the reference. Junction to case
thermal resistance measurements of components which did not meet die
attach requirements will be detailed in this report. Measurements
were taken on eight componrts. Only three of these parts failed to
meet die attach requirements, tho other parts were included in the
measurements to provide a reference. Other components which did not
meet die attach requirements were not measured for R because it was
judted that changing their position on the module wold have a
neqligible effect on their time to failure due to the low temperatures

I- I



involved. The quantities, part numbers, and ERFM serial numbers of

the components measured are as follows:

OTY PIN ERFM SINs

2 JM38510-07006 1*, 2
4 932730-002B 6, 8, 13*, 14
2 932820 1, 2*

* Denotes component which failed to meet die attach requirements.

TEST RESULTS

The results of measurements was somewhat inconclusive. Only small
differences in RejC were noted. The characteristics measured and the
calculated values of RejC appear below.

P/N S/N I H (mA) VH(V) 4VF (mV) TC(rV/C) ReJC (°-C/W)

JM38510-07006 1* 47.0 5.500 21.5 2.1 39.6
2 53.6 5.500 28.0 2.1 45.2

932730-002B 6 46.8 5.500 16.5 2.2 29.1
8 47.7 5.500 15.0 2.2 26.0

13* 46.7 5.500 18.0 2.2 31.8
14 47.9 5.500 16.0 2.2 27.6

932820 1 68.8 5.500 7.0 2.5 7.4
2* 69.8 5.500 8.0 2.4 8.7

CONCLUSIONS

Significant differences in junction to case thermal resistance values
were not seen in the components tested. However, the parts that did
not meet die attach requirements will still be placed in the hottest
location on the SRUs, as long as this will not interfere with normal
fabrication processes, to accelerate failure as much as possible. In
this way the most efficient use will be made of ERFM Program
resources.

D.W. Buechler D.H. Van Westerhuy n, Head
Physical Evaluati 6n Section

DWB:ik
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Bend ra JI R - bend radi. 0.005 to 0.030 Inch

J.(O1Z7 to 0.762 millimeters (mm))

Material (1) 3003 Aluminum Alloy in accordance with

O0-A-2S0/2, Temper F

(2) 1100 Aluminum Alloy in accordance with
00-A-250/1, Temper 0

(3) 6061 Aluminum Alloy in accordance with
QO-A-250/11. Temper T62

NOTE: Heat treatment of 6061 material to
the T62 temper shal be performed
Per MIL-H-6088

(4) 6061 Aluminum Alloy In accordance with
OQ-A-250/l , Temper 0

(5) 6951 Aluminum Alloy In accordance with
MIL-B-Z0148 except unclad. Temper F.

Workmanship The fin materiel shall be clean. sound and
smooth and shell be free of forefqn material,
tears, holes, and loose burrs and slivers.

Finish Unless otherwise specified:

a. The fin material Shall not have a combined
metal displacement as a result of rollover

and burr which exceeds twice the parent
metal thickness, C dimension.

b. The fin material shall be coated with
preservation oil In accordance with
MIL.STO-649.

Lengtth Length In the direction of air flow shill be
as specif ied and not to exceed 12 inches
(305 W).

Viers 1width transverse to the air flow shall be a
$WgcIf ted.

II Iemo
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STANDARDS

lnsper'2 c . A srpie representative of each lot of f€r
material shall be selected anj visually eva--
ined under 10-power maanification for Conforr.-

once to the requirements of this Specifica* vr.
(Use Bishop graphics hand-held 1Ox optical
comparator (Cataloo No. 3500). Fishop Graohics.
Westlake Village, CA 91359 or equivalent.)
The -15. -40. -54. and -73 materials shall
exhibit no sharp protrusions above the convo-
luted surfaces (ref. Figure. view E. surfa:e

and Table I. note 6/.)

Packaoinn Material shall be packaged in rolls havinc
an Inner diameter of I foot (305 mm) void of
fin material with a maximum diamneter of
3 feet (914 mm).

Manuf actt -er a. Kintex Inc.
210 Dingens St.
Buffalo, NY 14206-231l
FSCM no. 53076

b. Lockhart Industries, Inc.
15555 Texaco Avenue
Parmount, CA 90723-3921
FSCM no. 27110

C. Huohes-Treitler Mfo. Corp.
300 Endo Blvd.
Garden City, NY 11530-6708
FSCK no. 12536

d. United Aircraft Products, Inc.
Oayton International Airport
Box 90007
Oayton, OH 45490
FSCH no. 78943

e. Thomson Industries Ltd.
13100 South Vukon St.
WthorO CA 0t50.54?6

FSCH no. u2i?

f. VIC-Acro Iterinttonal Inc.
1371 Sees Rioad
Oakville* Ontario LGL M

FRcso . ne "sip"

--



Part Nuimer Ex-rnles: Descript ion of Part Number:

HS 6013-? One material callout. The dash number desio-
notes a size and a material as specified in
Table 1.

HS 6013-28 Multiple material callout. The dash number
designates the size as specified in Tahle 1.
The materiat can be any material specified
in Table I for a specific dash nUnher ,

unless otherwise SDecified on the enqineer-
inq drawina. The material Chosen shall be
consistent with bondinq or brazinQ documents.

mS 6013-28-1 Specific material callout. The final dash

number desionates which of the materials
specified In Table I for a specific dash
number is reauired. The dash number it'redi-
ately following HS 6013 desionates size as
specified In Table 1.

Definitions a. Rollover - Rollover (R) is the amount of
plastic deflection formed durino finstock
Stampinq operation; see Fiqure. View F-F.

h. Burr - A burr Is a turn-over edoe which
extends beyond the parent metal thickness;

see FIqure, View F-F.

1-9



TABLE J-1 
STANDARD 

7/

....... .. . . ...F ...... ... .. . '.. ...... -- - --- ----.r . . .... . . ... . .

0ls, -;e" IA ( P IF)n.,  pc'! Materla' P o ',-. -,
hu.. 2/ , I n(h) ItIncl.I (Incl Inct 3! 3

Inc pfA - n 10fn-0.00 
-.---i

0.105 16-3" 0 lot 0.l00, 0.530 5/ 19.0 (1) . C.

? 0.133 0.15:: 0.0M6 0.130 15.n (1) a. . (. '
3 0.120 0.199 0.010 0.130 15.5 (1) a. t c. (.

4 O.Il .0.072 0.006 0.130 17.0 (1) a.h.c. '..

5 U.d00 0.07? 0.006 0.250 10.0 (1) 6, '. C, d. .
6 0.133 1 0.100 0.010 0.130 15.0 (1) a. b. C. .f

7 0.22r ' 0.190 0.006 0.13C 9.0 (1) 1 . , C. C. e
8 0.167 0.25% 0.006 0.125 12.0 (1) a t. c. .
9 0.250 0.440 0.006 0.125 R.0 (1) a. b, c, ti, p

10 0.111 0.380 0.008 0.125 18.0 (1) a. bc. I. e
11I 0.121 0.352 0.00a 0.125 16.5 (2) a. b. c, d. e
12 ( 185 0.352 0.008 0.125 10.2 (2) a. h. c. d. e. f

13 0.091 0.352 O.OOR 0.125 22.0 (2) a. h. c, d, P. f
14 0.200 0.150 0.006 0.130 10.0 (1) a, b. c. d. p
15 6/ 0.167 0.078 0.004 0.500 12.0 (2) a. b. d. p

16 0.125 0.153 0.006 0.125 16.) (2) a. b. c. d, e. f
17 0.125 0.253 0.006 0.125 16.0 (2) a. h. c, i, e. f
18 0.091 16-33 0.300 0.008 0.125 22.0 (2) a. b. c. d. e. f

19 0.091 40-60 0.300 0.008 0.125 22.5 (2) b. c, d, e. f
20 0.125 16-33 0.153 0.006 0.125 16.0 (3) a, b. c. d. e. f
21 0.125 t 0.253 0.006 0.125 16.0 (3) a. b, c. d, , fI

22 0.125 0.153 0.006 0.125 160. (4 a, b. C. d, e. f
23 0.125 0.253 0.006 0.125 16.0 (4) a. b, c. d, e. f
N 0.12S 0.364 0.006 0.125 16.0 (2) a. be c. d. e. f

2 0.125 0.190 0.006 0.125 16.0 2 a. e . d..
26 0.15 0.36 0.006 0.125 16.0 a.b. c. d,. *?
27 0.125 0.190 0.006 0.125 16.0 (1 a b, cs d, 9s f

2 0.M 0.125 0.006 0.500 7.0 (1)(4)($) a. be c. 4 t. I
2 0.100 0.27 0.006 0.125 20.0 () a. b, C. 4, .. f

30 0.100 0.276 0.006 0.121 20.0 (2) gobec Co.o.0 1

31 0.113 0.200 0.006 0.15 16.0 ) a . C. d. *
32 0.00 0.5O 0.006 0.115 0.0 (, as 4, % d ,83 S.W .8.126 0.06 0.5.- .0 3 a, be Co ,. .. I

434 CU 0.115 0.0"6 0.425 16.0 (1) C 5)* b do to .
x .5 0.I0M 0. 0.115 16.0 1 dt

las
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STANDARu

TABLE J-1 (CONT) 1/

Dosh Ref. A Offset 6 C I 0 IFins per Materiali Manufacturer

N0. A % (Inch) I (Inch)I (Inch) I Inch 1 3/ 4/n~ch of A t.0o3 to.ooI t o.o1o 61..O Fin -

37 0.125 16-33 I 0.300 I o.nO6 0.125 5/ 16.0 (1)(4)(5) A, b, c, d, e, f
38 0.166 * 0.300 0.006 0.188 I 12.0 (4) I b, C. d, e. f
39 0.15 0.190 0.006 0.12IS 16.0 I (4) a, b, c. ri, e, f

p II I I

40 6/ 0.125 0.153 0.nlo 0.125 j 16.0 (3) a, b, c, d, e
41 0.125 0.253 0.010 0.125 I 16.0 (3) a ,b, . di. e.,
4? 0.166 I 0.300 0.010 0.188 1.0 (4) , b, C. d. e, f

II I I
43 0.286 I 0.125 0.010 I 0.500 I 7.0 l(1)(4)(5)l a, b, Co d. e
-44 0.167 0..0 I 0.006 I 03500 I 12.0 (1) a, b. c, d, e. f
45 0.10n 0.190 0.006 0.125 I 20.0 ,(1)(2)(3) a. b. c. d. e. fII I I
46 0.133 I 0.300 0.008 0.125 15.0 I (2) (4) a, b, c, d. e
47 0.200 I 0.300 I 0.008 0.125 10.0 I (2) (4) a, b, C, d e,. f
48 0.286 i 0.100 0.006 0.500 7.0 j(1)(4)(5) a, b, c. d. e

49 0.166 I 0.125I 0.006 0.12S I 12.0 I(1)(4)(5) a, be C, c, e
50 0.1661 0.125 I 0.006 0.250 I 12.0 1I)()(3) ,, b, C, .e
51 0.121 I 0.3521 0.008 0.125 I (1) I ab, c, d e, fi1'.SIIa,
52 0.185 0.312 I 0.008 0.0125 10.8 (1) a b, c, d, e, f
S3 0.091 f 0.352 0.008 0.125 122.0 (1) a, be c, . e, f
54 A/ 0.167 I 0.078 0.004 0.500 12.0 (1) I a, b, d, e

-- I I
55 I O.1z 0.153 0.006 0.12S 16.0 (1) a, b ce, do e f
56 0.125 0.253 0.00 6 0.125 I 16.0 (1) a, b c, do e, f
57 0.091 16-33 0.300 0.008 0.12S 22.0 (1) a.b. ., d .,

II

58 0.091 40-601 0.3001 0.008 0.125 22.5 (1) I b.c. c.
59 0.12S 16133 0.153 0.006 0.125 16.0 (1) a, b, c, d, *, F
60 0.125 0.253 0.006 0.125 16.0 (1) a, b,.. , f

61 0.125 0.153 0:006 0.125 16.0 ,1) a. b, C. d, e. f
62 0.1215 0.2S3 0.006 0.125 16.0 1) so be c. do ,, I
43 0.325 0.344 0.006 0.125 16.0 (1) a. b, .c d.. f

64 7/
45 - 0.100 0.275 0.006 0.12 0.0 t a, b C, do *0 f

66 0.111 0.0 ,0 .2 60 ( 1 6a b.C c, *

13j0.300 0.006 0.3126 6.
67 0.100 0.250 0.006 0.125 20.0 as~ abec C, d0,%6 0.1" -.116 0.006 0.500. -  11.0 1 a b, , *, f
69 C10.to

69 Ots 16-3 0.15 0.w 0.126 16.0 (I 86 b, C

zz NS 6013 30

i........... . U P_ W M1
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. STANDARD /

TABLE J-I (CON) IN

i II 1 I
DaSh Ref. A OffsetI I C I P Ifins pe-1 Materiall Pod , ".:"-

ho. 2/ I (Inch' ('inc h) I (Inch) I Inch I 3/ 1
inch of A !0.003 I .0.001 I 10.010 11.0 Finl I -I

70 0.091 16-33 0.200 0.006 0.15 22.0 (1) a. b. c., e. f,
71 0.166 t 0.300 I 0.006 0.18F 12.0 (I) I b*c. , , ,. f
727/ I I

- II I
73 6/ 0.125 0.153 0.010 I 0.125 I 16.0 1 (1) 1 a, b. c. d. e
74- 0.175 0.253 0.010 1 0.125 I 16.0 l I a. h c. d. e. f
75 0.166 0.300 0.010 0.188 12.0 (1) I . c. c, :.I I I I

76 0.133 I 0.300 I 0.O0S .1 0.1?5 I 15.0 (1) I a, b. c, c. e, f
77 0.200 16-31 0.300 I 0.00e 0.125 I 10.0 (1) a. b. c. d, e. (

1/ Dime,.slti metric conversions are as follows:

Inch millimeters Inch Millimeters Inch 00illieters

0.001 0.025 0.11S 2.997 0.250 6.350
0.003 0.076 0.121 3.073 0.253 6.426
0.004 0.102 O.Z5 3.175 0.300 7.620
0.006 0.15? 0.129 3.277 0.35? 8.941
0.008 0.203 0.130 3.302 0.364 9.246
0.010 0.254 0.133 3.378 0.380 9.65?

0.015 0.381 0.150 3.810 0.U0 11.176
0.072 1.829 0.153 3.886 0.50 12.700
0.078 1.881 0.167 4.24? 0.530 13.462
0.091 2.311 0.190 4.826 1.000 25.400
0.100 2.540 0.200 5.00W
0.105 Z.67 0.22Z 5.639

2/ kofernce dimension OA Is based on OFins per inch".

3/ A11o alleoy 3003, (1), Is noft het.treatable and will be changed to an woesled
t tW If *xPoW to brtng tsmpratures.

4/ TINs C1lev ladicatas eawf4atrer who either has tooling available or has the
C- lfty for prodIn gl tooling for the dash uoer specified.

W di iM for da" I only has 20.015 InRh tolerance.

"*VM I*e fiIs, 1hall be Goanked to the speIfied I dimeio (sW Vige@ view 1.

if h m 17 sts 611 a MlOlSOl u secifed for das h be 44 Nd I1 and NOY
be W re 06 And 71 re celled et.

J- 12



Release
Rev Authority Description Date Approv4

-- Initial release as HS 6013 10/3/SO --

IV

tfru -- Record of changes qre contained in the --.

27 _ document history file.

28 CMER 64653 Record change 11/26/6i
_T. ntczko

Z9 SER 6642S Tabl* 1, revised Manufacturer column, addedC

footnote 6/ to dash 40 entry, added dash /286U
,numbers 4! through 17. 5/20/6 rAyska01skl

30 TSER 6642S P3: Added Vac-Aero as manufacturer 'f'.
P4-6: Table I. revised to reflect the

addition of manufacturer "f" to
certain dash nos. 02/061 A. Roberts

""

J- 13



APPENDIX K

DETAILED FABRICATION ROUTE SHEET
FOR 2102 MODULE

Procurement/Assembly of Timing & Control. Module, P/N 3562102-5

PHASE 1 o Procure Parts/Materials

PHASE 2 o Assemble/Test/Parylene Coat Modules
o Close Modules to Stores

PHASE 3 o Send Modules to TSD for Fracture Mechanics
evaluation.

o Perform Power On Screening/System Burn-In

PHASE 4 o Deliver Module to TSD

K-i



PHASE 1 Procure Parts/Materials

Oper.
No. Actionee Description of Task or Operation

1-0001 Procure Parts/Materials
Send PWBs & Heat Exchanger to TSD for holographic
interferometry.

1-0003 Assemble Printed Wiring Board Assembly, P/N
3562150-025.

o Etch PWB
o Bond PWB to Heat Exchanger
o Airflow & Pressure Drop Test. Data to be

retained.*

1-0005 Package PWB Assembly and Parts into Kits

1-0007 Sends Kits to TSD for holographic interferometry
of PWB to heat exchanger bond and x-ray, leak
testing, and Ojc measurements of active devices.

1-0008 Return Kits to RSG-POD

1-0010 Release Kits to the Line

* In addition to normal fabrication processes.

K-2



PHASE 2 Assemble/Test/Parylene Coat

Oper.
No. Actionee Description of Task or Operation

2-0020 16-23 Stencil

2-0030 16-23 Reflow solder flatpacks using machine. Check
solder composition.*

2-0040 16-23 Reflow solder axial components using machine.

Check solder composition.*

2-0050 16-23 Install manual components.

2-0060 16-23 Verify components and touch up.
Record quantity of joints touched up.

2-0070 16-23 Operator review previous operations.

2-0080 16-23 Install pads artwork #2402-3.

2-0090 16-25 Install jumper wires artwork #2402-3.

2-0100 16-25 Install spring pins.

2-0110 16-25 Operator review previous operations.

2-0120 16-25 Clean.

2-0122 76-41 Send module to TSD for holographic interferometry
of module

2-0123 76-41 Return module to RSG-POD.

2-0130 16-14 Module condition.

2-0140 32-15 Test TSC AXX.

2-0150 16-25 Operator review previous operations.

2-0155 16-26 Detrex clean per PG's P1 & P2.

2-0160 32-25 Post Test inspect IL J.

2-0162 76-41 Send module to TSD for holographic interferometry
of module.

K-3



2-0163 76-41- Return to module to RSG-POD.

2-0170 16-26 Bond wires per PG's PI.

2-0180 16-26 Adhesive clean per PG's P3 & P4.

2-0190 16-26 Adhesive bond per PG's P1 & P2.

2-0200 16-26 Operator review previous operations.

2-0210 16-26 Clean and prime per PG's P3 & P4.

2-0215 16-26 Remove extractor.

2-0220 16-26 Mask per PG's P3 & P4.

2-0225 16-26 Operator review previous operations.

2-0230 31-43 Inspect IL B.

2-0240 16-26 Parylene per PG's P3 & P4.
Run No.

2-0250 16-26 Demask.

2-0255 16-26 Clean connector.

2-0260 16-26 Operator self check (4X).

2-062 16-26 Install extractor.

2-0262 16-26 Inspect IL P.
Thickness is:

2-0270 32-15 Test TSC. BXX.

2-0280 37-25 Complete item inspect IL C.
16-25 Close to 08-44 project.

Stores transact to 08-44-42.

* In aalition to normal fabrication processes.

K-4



PHASE 3 TSD Evaluation/Power On Screening/System Burn-In

Oper.
No. Actionee Description of Task or Operation

3-0401 Return Module to RSG-POD.

3-0410 Perform Power On Screening.

3-0412 Send Module to TSD for holographic interferometry
of module.

3-0413 Return Module to RSG-POD.

3-0420 Perform System Burn-In for one cycle.

PHASE 4 Deliver Module to TSD

K-5



APPENDIX L

HYBRID ROUTE SHEET

PROGRAM"-Requiator h'IYI::QTYREF. F. 60134 REV W. I LOT TRAVELER QTYF .. LOT NO-

CAUTION: STATIC SENSITIVE . " Paqe 2 of 3
OP. PERATION PRDCESS PR COMMENTSNo.R ATEC. A1p PuE .I REWORK INSTR.

I LEAN PARTS Op 1-inni
_2 SOLDER R QOW POWER TRANSISTOR SN 96 DP 60009- - _ _ _ _

REMOVE FLUX ANRD CLEAN {)P-10003..

3 MOUNT SUBSTRATES AND Cl ABLEFILM 550 OP 10006
CURE 2 HRS. @ 1500C (4 _ I I BATCH#

SULTASONI lNn PntFR TRANSISTOR p -0439
LEADS

-5 VERIFY POWER TRANSISTOR POLARITY P 04-
1 PS 60568-3 P 1 PS' -05§9-3

*6 WELD STRAPS (I) L P107 :nn
• MOUNT SILICON DEVICES 36-2 (-n BATCH#

CURE .5 HRS. @ 150-C ., ". •
8 PRODUCTION IN LINE VISUAL (71 np 6nni* RWK
*9 BOND INTERCONNFCTS AIITn) np AnAm Marg- TTMF Am Pm

RnNn TNTFRrmNNFrTe MAN) (6) OP 10020 MACH# TIME AM PM
*10 WIRE BOND DEVICES AUTO 6P60684 MACH# IIMEAP

WIRE BOND DEVICES MAN 3 OP 60677 MACH# liME AM PM

11 PRODUCTION IN LINE VISUAL 7 OP 60012 RWK• *1 REMOVE LEAD COMB FRAME OP 10010 1
*13 THETA J/C TEST (7) OP 60049 -

14 1FUNCTIONAL TEST 7 P 60440 RWK
is 1YNAMIC TRIM LASER (8) OP 71271
16I FIRST flFFCTRICAL TEST. READ & RECORD OP 60440 1 1 RWK

DATA. Val- V020. VOR (7)

17. PRODUCTION PRECAP VISUAL (7) OP 60012 1 RWK
0 A- PRFrAP.TNSPFCTION (7) Q -I RWK

19 r FAN ASSFMBLY AND LID OP 10001
20n VAIIIM RAKF- 4 HRS. 0 1250 C OP 10032
?l SFAI: SFAM WFLIOER OP 60631,

77 CRnTe I FAK TEST- FC 40. 30 SEC. 0 OP 10014 RWK

S 2.3 HIGH TEMP. STORAGE: 24 HRS. @ 150 up lTUPT001
24 TEMP. CYCLE: 25 CYCLES -65 TO 1500 ' DP T1'015
25 MECH. SHOCK TEST: 5 SHOCKS @ 1500 G' UP 074 - -

26 PARTICLE IMPACT NOISE TEST -,O 1 RWK
27 FINE LEAK TEST: PRESS, 4.0 HRS. I DP 004 - RWK

PSIG He1-< X-10 -7 CC/SEC
281 GROSS LEAK TEST: COND. C VACUUM 1.0 OP 10014 RWK

HR. @ 5.TORR. PRESS. 10 HRS. @, 30 , ,i
PSIG (2) (7)

-29 - SYMBOLIZE MODULE D1-
=3 BURN IN: 168 HRS. @ 125*C (CASE-TUB -P 60426-

31 FINAL ELECTRICAL TEST, READ & RECORD OP 60440 RWK
-VO. VO.20, VOR, CALCULATE &'s (7)

+ PER ATP 10405 -80 REV.....

A P P R-0 v A L S
IDATE, ,,, ', DATE ' " :,

NRsIBLsEu ENS. It. ~ TH'- ;,' .. FOR oIsTI-. 1/

I V/1214



PROGRAM RegulatorHYRDPR NO___ ________

REF. F.C. FC 60134 RE~ LOT TRAVELER ___________NO__

CAUTION: STATIC SENSITIVE _____Paoe 3 of 3

OPROOCERTIO .T QT Q OPR DATE COMMENTSOP. SPEC.ION ACCREJ REWORK IKSTR.
31U ANTIN LEAOS (YELLOW GROUP7 DP 60415 - - - - _______

331 FINE LEAK TEST: PRESS. 4.0 HRS. @ 30 DP 10014 ___ __________

PSIG HeI51 X 10-7--ATM CC/SEC (7) W
34 GROSS LEAK TEST: COND. C VACUUM 1.0 DPfl.i 10014 RWK

HRS._@_5_TORR._PRESS,_10_HRS-_0_30 _________

PSIG (2)__(7) __________

35 FINAL O.A. INSPECTION (7) 8-11-1 RI1JK
36 SHIP_______ _ _ _ _ _ _ _ _ _

NOTES: *Operations may be worked out-of sequence per instructions from the
supervisor or the cognizant process engineer.

*Operations may be interchanged, per instructions from the supervisor or the
cognizant process engineer.

(1) Weld appropriate straps from metallized Beryllia Substrate to package
leads per applicable assembly drawingv' -I

(2) Refer to DP 10040 for special handling of, ."failed units" from this test.
(3) Alternate bonding process per DP 10020, or .DP 10,007 (Tack down)
(4) Alternate method for mounting substrate is using Scotchcast 281 per OP

10006 and cure @ 1250*-C-for 2 Hrs.
(5) Alternate method is using Ablebond 606-2.per DP 10008 and cure 0 1250 C

for 2 Hrs.
(6) Alternate method fbr interconnects-is DP 60669-or OP 10007.
(7) If rework is required, refer to DP 10040.
(8) Dynamic Laser Trimonly as required by ATP..

REWORK KEY

RW.LK 8,11,13 Rework per instructions on the lot traveler. Clean assembly per
DP 10001 after rework. Inspect per steps 8,lland proceed sequentially.

RWK 14,16 Same as RWK 8 , 1,1,13.
17,13

P,., 2 2 Decap per OP 10040. Rework per instructions on the lot traveler.
.. Inspect per steps 8, 11 -and proceed sequentially.

RWK 26,27 Same as RWK 22.
28,31,33,34,35

L-2



APPENDIX M

DETAILED FABRICATION ROUTE SHEET
FOR 9800 MODULE

Procurement/Assembly of Linear Regulator Module, P/N 3569800-10

PHASE 1 o Procure Part/Materials
o Procure Hybrids from Hughes Newport Beach

PHASE 2 o Assemble/Test/Parylene Coat Modules
o Close Modules to Stores

PHASE 3 o Send Modules to TSD for Fracture Mechanics
evaluation

o Perform Power On Screening/System Burn-In

PHASE 4 o Deliver Module to TSD

M-i



PHASE 1 Procure Parts/Materials

Oper.
No. Actionee Description of Task or Operation

1-0001 Procure Parts/Materials

1-0002 Procure Hybrids.
These Hybrids will be evaluated by TSD during
various stages of fabrication.
Send PWB & Heat Exchanger to TSD for holographic
interferometry.

1-0003 Assemble Printed Wiring Board Assembly, P/N
3569805-005.

o Etch PWB
o Bond PWB to Heat Exchanger
o Airflow & Pressure Drop Test. Data to be

retained.*

1-0005 Package PWB Assembly, Parts, and specially
evaluated Hybrids into Kits.

1-0007 Send Kits to TSD for holographic interferometry
of PWB to heat exchanger bond and x-ray, leak
testing, and OiC measurements of active
components.

1-0008 Return Kits to RSG-POD.

1-0010 Release Kits to the Line.

* In addition to normal fabrication processes.

M-2



PHASE 2 Assemble/Test/Parylene Coat

Oper.
No. Actionee Description of Task or Operation

2-0015 AW41 Stencil per pgs HI & H2.

2-0246 AW43 Bond Hybrids per pg 1.

2-0230 AW43 Bond and Assemble per pgs 2 thru 25
Torque pg 6 P/N
Tool ID No. Stamp Date
Check solder composition.*

2-0425 AW43 Operator Review ref pags 13 & 26.

2-0550 AW52 Incircuit Check.

2-0626 AW43 Operator Review previous operations.

2-0628 Send Module to TSD for holographic interferometry
of module.

2-069 Return Module to Hughes South Carolina.

2-0733 AW31 Pretest Inspect.

2-0852 AW52 Module Condition.

2-0954 AW52 Test TSC.AXX
TP 3569800-03 Rev. ,T_

2-1026 AW43 Operator Review previous operations.

2-1134 AW31 Post Test inspect.

2-1241 AW41 Clean

2-1243 Send Module to TSD for holographic interferometry
of module.

2-1244 Return Module to Hughes South Carolina.

2-1346 AW41 Bond per pg 37.

2-1430 AW31 Inspec4 Bonding.

2-1541 AW41 Clean per pgs 28 & 29.
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2-1642 AW41 Prime per pgs 28 & 29.

2-1743 AW41 Mask areas marked with yellow per pgs 28 & 29.

2-1830 AW31 Inspect.

unknown Parylene coat.
Run No.

unknown Demask.

unknown Clean connector.

unknown Operator self check (4X)

unknown Inslect.
Thickness is:

unknown Test TSC.BXX

2-2699 AW63 Move to Shipping.

unknown Complete item inspect.
Close to F-15 Stores.

* In additic.. to normal fabrication processes.
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PHASE 3 TSD Evaluation/Power On Screening/System Burn-In

Oper.
No. Actionee Description of Task or Operation

3-3001 Return Module to RSG-POD.

3-3010 Perform Power On Screening.

3-3012 Send Module to TSD for holographic interferometry.
of module.

3-3013 Return Module to RSG-POD.

3-3020 Perform System Burn-In for one cycle.

PHASE 4 Deliver Module to TSD.
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APPENDIX N

PART PLACEMENT FOR ERFM

P/N 3562102 MODULES

AVOID VERBAL ORDERS

90-020

TO ISOURCECODEILOC.IBLDG.: MI/S 1 PHONE

Zacl Richardson : 76-41-22 EQ 1 El ;C132 64517

FROM :SOURCECODEILOC.IBLDG.1 M/S PHONE

Dan Buechler : 76-41-26 : EQ 1 El 1C132 1 64650

SUBJECT !DATE

Fart Placement for ERFM P/N 3562102 Modules !03/20/90

41!a-:' tc thi A:' - &e tw: sets of component maps from the assemtly

1nstru:ton= for the F-iS F,'N 3562102 module. These maps show the

lcatior chosen fo. 5e!ected ERFM components. The component serial

nu!%-er, for the ccmponenl cf the corresponding part number, has beer

placed both below the c-,-ponert location and along side the component
designatic-..

The first set cf maps 5hould be used in the assembly of the lower serial

number cf the two moduile. The second set of maps will be used for the

h:gher earial number cf the twc modules. This will assure an

azpprc,.-mately equal number of selected components on each Module.

FleaEe see me if there is any question concerning the interpretation of

these maps.

Dar.,el V. Buechler

c: J.L. Cool

J.M. Kallis

D.H. Van Westerhuyzen
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APPENDIX 0

HYBRID MICROCIRCUIT
SPECIFICATION

STANDARD

Copyright C) Hughes Aircraft Caqpanry (1989), (1990),;
-urIpublished work- All Rights Reserved

This material may be reproduced by' or for the U.S. Government pursuant
to the copyright license under the clause at 52.227-7013 (undated).

cAurict: THESE IE ARE SU)SCPTIBIL 10 DAMG RESULTING FROM ELECTROSTATIC DISCHAGE.

Description. This Standard includes the requirements for high power negative voltage

regulator hybrid microcircuits intended for use in pawer supply applications.

Input voltage VI

V0 = -50 V&c VI = -60 V max, -54 V min
V0  -25 Vdc V1  -32.5 V max, -29.5 V min
V0  -12 V&c V, = -18.1 V max, -15.9 V min
V0  -6 V&c VI = -18. 1 V max, -15.9 V min
V0  -5 V&c VI = -10.5 V max, -9.5 V min

output current I0

V0 - -50 Vdc I0 =-1. 1 A max
V0 = -25 VC I0 = -2.7 A max
V0  -12 Vdc 1o -3.8 A max
V0 = -6 Vdc I0 = -2.2 A max
V0 - -5 Vdc I0 = -4.4 A max

Pwr dissipation at 7C =+100 *c Pd 30 Wwmax

Junction operating taq~eratuze Tj -55 to +150 *C
range

Storage teqperature range Tstg -65 to +150 *C

US IHSPECIFICATION CONTROL DOCUMENT PAGE STANDARD A#EVISION

GENERAL MIRO(XICUMI, LINEAR -- HYB3RID, TIHICK OF1
SPECIFICATION FILM4 AND THIN FILM, IWLTG REGUATOlR, 934268

934210 NEAIE25 1 -

112AMr ~ e0- 1 CODE IDENT NO. 82577



STANDARD

30X 10 .t 40

.180 .700 /.0

.1 6 6 .0 1 I. . 5
30X .009

4X R .020 MAX .0X .055(

COVER--\ RING FRAME

0 1.060 1.720
1.040 1.710

I 03 0(A (1) SUBSTRATE

1 15

7 .340 30 15
.325 .095

60X R ONE LEAD,,,,

30X .017 THICKNESS MIN-15

- -28X .050 .146G TOLERANCE .300
NONCUMULAT I VE .240

1. Dimensions in inches.
2. Dimensional limits unless otherwise specified: .XXX +0.005.
3. Lead material shall be Kovar in accordance with ASTM F 15.
0 Dimensions to be measured to center line of leads within 0.050 external to

ceramic substrate.
OLeads shall be underplated in accordance with QQ-N-290, Class 1, 50 to 150 micro-

inches thick, and gold plated in accordance with MIL-G-45204, Type 3, Grade A,
Class 1, 50 microinches thick, minimum. Leads shall then be uniformly coated with
with Sn60 or Sn63 solder 60 to 400 microinches thick (gold plating, if used, shall
be remved or dissolved). Tin plate is acceptable to within 0.100 inch of glass
bead, and shall cover both lead bends.

O Dimension applicable with leads restrained in configuration shown. Leads shall be
restrained in configuration shown for device packaging and shipping.

SNo. 1 lead to be identified by contrasting color bead or with 0.03 to 0.08 diameter
circular dot of contrasting color placed on frame adjacent to pin 1.

® Microcrazing at lead bends is acceptable (see Lead finish microcrazing requirement
herein).

Figure 0- 1. Dimensions PAGE REVISION
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STANDARD

CURRENT
LIMIT

COMPENSATION

CURRENT
SENSING
RESISTOR

INP UT 13 6 28 22 232G 29 L,8- OUTPUT
14 9
5 to
12 I
5 '

-12 V BIAS b IG 3 CURRENT BOOST

DRIVE 30 17
.18 OUTPUT

VGLTAGE SHARING I 19 SELECT
RESISTOR SELECT 2 2

4 24 27 7 25 3 12 21

GNDI
CURRENT LIMIT J

RETURN SPARE ©©

TEST
POINT

OQ Pins 3 and 12 are required for dash 2B, 2C, and 532B.

O Pins 3 and 12 indicated as spare are applicable to dash 1B, IC, and 501B.

O ''in 3 is reouired for dash 503B. Pin 12 must have NO internal connection
for dash 503B.

Figure 0-2. Functional Diagram

PAGE REVION
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STANDARD

Level of control. Levels of control differentiate between types and degrees of re-
quirements and of quality assurance provisions. The levels covered in this Standard
are identified by alphabetical designations corresponding to the Hughes number (dash-
number) suffix letters in the Suggested Source(s) of Supply Table. Requirements in
this Standard not specifically identified as applicable to a particular control level
are applicable to all levels of control.

Definition of requirements. Complete requirements for the Control Level B and C items
covered by this Standard are defined in this Standard and in the specification identi-
fied by the number included in the "Use with General Specification" block on page 1.
The complete requirements for the dash 501 thru 600 items covered by this Standard are
defined in this Standard, in the specification identified by the number included in
the "Use with General Specification" block on page 1, and in Hughes Specification 932045.

Design and construction

Substrate material (inside of 95 to 100 percent alumina (A1203) or
hybrid, except for power stage) beryllia or A1203 and beryllia

Semiconductors Silicon, planar, passivated

Resistors Thick film cermet or thin film

Capacitors Ceramic dielectric

Enclosure type

Bottom Sealed, metal-to-glass (ring frame) and
beryllia (external substrate material)

Cover Gold-plated Kovar or nickel-plated Kovar.
The nickel-"lating thickness shall be
50 microinches (minimum).

Glass bead seals The appearance of the glass bead seals
about the package leads shall essentially
be of a uniform color and texture. Areas
of frosted or discolored glass arranged
in a circular or donut pattern about the
leads are permitted, but mottled or
randomly arranged patterns of such glass
are not acceptable. Examples of donut
and mottled patterns are shown below.

- FROSTED OR DISCOLORED
GLASS-

DONUT PATTERN MOTTLED PATTERN

ACCEPT REJECT

PAGE - IREVItON
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STANDARD

r-- 'i:' cracks t nvt ur on the
lead 'ini-.. zurface during lead formin.
- al b e r -:r!itted unl es:.- t ; are v _s j_]'

.-er -igure 1 hercin

[Wei & 60 grams maximum

?erformance re" re -en -- s

~ch£.: s::.:-: , pulses at 1500 C and 0.5 ms duration
in -he Y -,lane only

-- ! 53 to 15 Fecon duration
n the Y! axis only

Copy available to DDC does not
per'nit fully legible reproolction

PAGE REvsNN 1
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STANDARD

erformance reireeents (%cntinued)

TABLE 0-I. CHARACTERISTICS, TEST CONDITIONS AND LIMITS
• Test Conditions 1 imits at Temperature Units
eilr Metho t 2/ T C  , T C  - -

-e h550 C +25" C +1000 C

V See Table IV and Figure 3 -50.5Omax -50.25 max 50.5Omax V
0 I- 49.50min -49.75 min -49.50 min

V 0--50.50max -50.25 max -50.50 max V
-49.50min -49.75 nin -49.50min

V0  -50.50max -50.25 max -50.50ma V
Vn -49.50min -49.75 min-49.50min

0 -50.50max -50 .25 -max -50.50 max, V
4 -49.50min -49.75 min-49.50min

VO- -25.25max -25.13 max -25.25 max V
5 -24.75min -24.87 min-2 4.75min

V0 6  -25.25 max -25.13 max'25.25max V
-24.75min -24.67 min 24 .75 min

V07 -25.25 max. -25.13 max -25.25 max V

07 -24,75min -24.87 min -24.75min

V0 8  -25.25max -25.13 max -25.25 max V

-24.75rain -24.87 min -24.75 min

V -12.12max -12.06 m 12.12 max V

9 -ii.88min -Ii...94 min- 11. 88 min

V -12.12 max. -12.06 ma2 -12.12 max V
10 -11. 88 min -11.94 mir-11. 8 8 min

v -12.12max -12.06" ma -12.12max V
11 -11.88 min -11.94 mird-i.88min

V -12.12max -12.06 ma.-12.12max V
0? -11.88min -11.94 mir-11.88 min

V01 3  -6.06 max -6.03 max -6.06 max V
-5.94 min -5.97 min 5.94 min

Vol 4 -6.06 max -6.03 max -6.06 max V
1O1 -5.94 min -5.97 min -).94 iin

Vol-, See Table IV and Figure 3 -6.06 max -6.03 max -6 06 max V
-5.94 min -5.97 min -5.94 min

See end of table for footnotes. PAGE6 REVSIO
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STANDARD

Performance requirements

TABLE 0-I (CONTINUED)

Require- Test Conditions Limits at Temperature Units

ment Method TC  T, TC
2/ -550 C +250 C +1000 C

,- -able IV and Figure 3 -6.06 max -6.03 max -6.06 ma:: V

-5.94 rain -5.97 min -5.94 min

1317 -5.05 max -5.03 max -5.C5 max V
-4.95 min -4.97 rain -4.5'5 mir.

-5.05 max -5.03 max -5.05 max V
-4.95 rain -4.97 rain -4.95 mi:n

- -5.05 max -5.03 max -5.05 max-. V
-4.95 min -4.97 min -4.95 min.

-5.05 max -5.03 max -5.05 max V
-4.95 rain -4.97 rin -4.95 ri-

See able IV and Figure 3 -10.10 max -10.05 max -10.10max V
-9.90 min -9.95 rain -9.90 min

See 7able V and Figure 3 -0.53 max A
-0.10 min

-3C. -0.53 max A
-0.10 min

-1.0 max A
-" -0.20 min

-1.0 max A
-0.20 min

-1.8 max A
-0.3 min

-1.8 max
-0.3 rain

-1.5 max A
-0.7 rain

-1.5 max A
-0.7 rain

-3.0 max A
-1.5 rain

r) :l a-3.0 max A
e e -ble V and -ire .-1.5 rain

Se en c : -aoe for footnoes. PAGEI I
7 93426o8 AHf

0-7 rnnF inF:NT SNr 97577



STANDARD

Performance reouire.ents 'cor~i:.-ei-.,

TABLE 0-I (Continued)

Require- Test Conditions Limits at Temperture Units

ment Method Tr TC  Ti
-550 C +250 C +i:3 C

--able VI and Figure - herein

10L Dash IB, IC, 501B, 5037 -1.8 max A
-1.1 min

Dash 2B, 2C, 502B -1.8 max A
-1.3 min

-07 Dash 1B, IC, 501B, 5033 -1.8 max A

Dash 2B, 2C, 5023 -1.8 max A
-1.3 rin

iOL3 Dash 1B, IC, 501B, 5033- . -4.4 max A
-2.7 min

Dash 2B, 2C, 5023 -4.3 max A
-2.8 min

Icz Dash 1B, IC, 501B, 503--= -4.4 max A
-2.7 min

Dash 2 B, 2C, 502B -4.3 max A
-2.8 min"

IOL Dash 1B, IC, 501B, 503- -5.9 max - - A
-3. min'

Dash2B, 2C, 502B -5.8 max A
-3.9 ain"

I0h6 Dash 1B, IC, 501B, 5033 -5.9 max A
-3.6 rin

Dash2B, 2C, 502B -5.8 max A
-3.9 ain

-.ash 1B, 1C, 501B, 502- -3.2 max A
-2.1 mrin

Dash 2B, 2C, 5-,2B - -3.2 max A
-2. 2 min

Dash 1B, 1C, 501B, 5031 -3.2 max A
-5 -2.1 min

Dash 2B, 2C, 502B -3.2 max A
-2.2 min

£ee ew d of table f:- footnotes.

PAGE REVISION
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[erormance requirements _ i .

TABLE 0-I (Continued)

Requ. e- Test Conditions Limits at Temperature Units

ment Method T, TC  TC
-550 C +250 C +1000 C

T_ (cent) Eee _ble V! and Figure 3 herein

1L9  Dash lB, IC, 5013, 5C3- -6.3 max A-h1. 1 mai

Dash 2B, 2C, 5C2B -6.5 max A
-4.14 min

10,10 Dash 1B, IC, 501B, 5033 -6.3 max A
-'4.1 in -

Dash 2B, 2C, 5023 -6.5 max - A

-h.4 min

Dash IB, IC, 501B, 503B -3.0 max A

exended) Dash 2B, 2C, 502B -5.0 max A

-3.3 min

""See Table VII and Figure 3 herein 20 max mVac

20 max nVacVo 2 P-P

• 3 20 max mVacco3  p-p

Vo 20 max mVac
p-p

See Table VII and Figure 3 he--ein 20 max mVac

See -'able VIII and Figures 3 and 4 15 max 15 max ms

herein

See -able VIII and Figures 3 and 50 sax 50 max
nerein
-- able VIII and Figures 3 anih 1 max 1 max ms
herein

7, See -able VIII and Figures 3 a-nd 20 max 20 max ms

nerein

= 0 V, IC = 1 A, 1 10 Se: 1.2 max °C/I

"- -534B 3/ 4- .,000 min-

I/ ::, i_ 'e flC:'.h of MIL-STD-883.-- I e",e cdo_:7MIL-ST - the

-:¢rce c de:e- any oscillations cr abncr..al -. ise levels exceeding 20 .p-p,he

te iev:i-e shall be :ontinuously .- ,nzred usin an oscilloscope that has
• ri:i:. --" a==-ii.n of 10 MHz.

-. -. -.--- - -- '--- - curren7 = 6 .
.PAGE F..vISIOm

Copy available to DDC doe net 9 934268 AH
,p -- h'ill; Iibe reprodUction 0 1

r 0-9 rnnr ,,FNr Nn M 77



STANDARD

TABLE 0-I. QUALITY CONFORMANCE INSPECTION

Inspection or Test Reference I/ LTPD Max Ace No.
Control Level Control Level

B C B C

Internal visual inspection 2017, 5/ 6/ 100% 100% .. ..
Insp Insp

Process conditioning "24.5.3.l 100% 100% .. ..

High-temperature storage *h.5.3.2 Insp Insp

Temperature cycling 1010 Cond C
Constant acceleration 2001, Cond B (Y1 axis only)

or
Mechanical shock *4.5.2.2 and 2002 Cond B

(Y1 plane only)

Particle impact noise test 928764.

Hermetic seal (optional) 1014.7 .Cnd A1 .cij 2 and 100% 100% .. ..
C1 or C2,P 302

-or4 -h. 30 +2 psig Insp Inspf ,.4 hrs-. "

Burn-in operation See Table III herein for 100% 100% .. ..
conditions and limits Insp Insp

Electrical characteristics

Subgroup 1 (Tc = +25 t3 0C) See Table I herein L00 100% .. ..
Insp Insp

VO2

V0 5

V0 9

Vo13

VOI9v0 20

ISC1

ISCI0

See end of table for footnotes 
PAGE REVISIN
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TABLE 0-I. (Continued)

Inspection or Test Reference / LTPD Max Acc No.
Control Level Control Level
B C B C

Electrical characteristics
(cont)

Subgroup 2 (TC = +25 ±3 C) See Table I herein 7 10 2 2

IOL
1

IOL10

IOL(extended)
Dash 2B, 2C, 502B only

tON4

Subgroup 3 (TC = +100 ±3 *C) See Table I herein 7 10 2 2
7_/ 7/

Same inspections and tests
as specified in Subgroups
I and 2 except omit Oj.C

Subgroup 4 (TC = -55 ±3 *C) See Table I herein 7 10 2 2
Z/ 2/

Same inspections and tests
as specified in Subgroups
1 and 2 except omit 8j.C

See end of table for footnotes.

PAGE REVISI
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TABLE 0-I. (Continued)

Inspection or Test Reference j/ LTPD Max Acc No.
Control Level Control Level

B C B C

Lead forming See Figure 1 herein

Hermetic seal 1014.7, Condition A or A 100% 1000
and C1 or C2, P = 36 ±2 p~ig Insp Insp
for 4 hours

Lot acceptance (dash 501 thru 4.2.2 of 932045 except -- 2_/
600 only) hermeticity of Subgroup 4

shall be performed in
accordance with Table II
herein after lead forming
has been performed.

Visual and mechanical 2009, see design and con- 10 15 2 5
examination 4/ struction for glass bead

seals requirement

Inspection of preparation *4.5.3.10 15 15 5 5
for delivery

_/ Applicable method of MIL-STD-883. Numbers prefixed by an asterisk identify
paragraphs in General Specification 934210.

2/ See 932045 for inspection levels.
3/ Devices shall be stabilized at -55 "C before power is applied and measurements

made.
4_ At the option of the manufacturer, glass bead inspection as specified herein

or 25 temperature cycles performed in accordance with MIL-STD-883, Method 1010,
Condition C may be utilized to meet package integrity requirements. After the
25 temperature cycles, an hermetic seal test shall be performed in accordance
with MIL-STD-883, Method 1014.7, Condition A or Aj and C or C

5/ 10 percent criteria does not include substrate to gubstrate or iubstrate to
output pin bonds.

6/ As a minimum, the manufacturer shall meet the requirements of Method 2017.1
of MIL-STD-883 with the following modification to paragraph 3.1.3.2.7: Any
metallization bridging where the separation between any two metallization
paths is reduced to less than 1.0 mil, whether caused by misalignment,
photographic defects, screening defects, plating defects, smears, or other
causes is not acceptable.

7/ The total sample size required may be sampled from sublots produced during
the 13 weeks inspection lot period. A minimum of 5 parts of each dash number
from each sublot shall be tested, until the required LTPD sample size is
achieved.

PAGE IREvISo
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TABLE 0-IIl. BURN-IN CONDITIONS AND LIMITS

Coniit ions Reference i/ Delta Limits Percent
Defective
Allowab] e

(Control Level B)

*4.5.3.4 10%

TC = +110 °C min
to +125 °C max

?D = 20 W rain
See Figure 5

Crizical pararneters: See Table ! herein
for conditions and
limits

Test A: V0I 0.15% of initialreading

Test B: V0 2  Within limits speci-
0 fied in Table I

herein

Test C: VWithin limits speci-fied in Table I
herein

l/ Numbers prefixed by an asterisk identify paragraphs in General Specification 93!4210.

PAGF ,REVISION
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V (VOLT S)90

-,- I0 s MAX

Oton

MIN

Figure 0-4. Waveforms for Turn-On Time
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-_1.5 VDC
CURRENT

A M S1 5 G 8 - )
AMPS, 14 9
_.__2W 1---5 ,0

-12 11
5

.3 VDC // 16 D U T 20
AMP 365...Q. 10IK.fn + PF

__1/8 W L/ 62 28

24 27 4 2 23 4.5./.

6.8 Fl- 6.8u F 
lOW

50 V + 5V + 3300pF

lit
Pin 12 connection required for the Dash 2B, 2C, 502B. Pin 12 must have NO
connection for dash 503B.

Figure 0-5. Bum-In Test Circuit
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;>4Icati-,n sn4 notes (for engineering i'~:~Ui

1. ~ee c r schematic diagr..

2. 934268-504B is identical to 934268-501B except tha:- the current gain
o' the cam-:lementary darlington pass-stage m~ust be 7reater than 9,000.
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RELEASE AND REVISION RECORD

RELEASE
REV AUTHORITY DESCRIPTION

DATE APPROVAL

CMER 08166 Initial Conditional release as 934268. -- --

A TSER 68207- Records of changes are contained in the
thru 29 document history file.
AG

AH TSER 1Q645- Pl: Revised Copyright notice.
35 P11: Added Note 7/ callout 6 places.

P12: Added Note 7/.
P24,25: Suggested Source(s) of SupplyTable, revised; removed Note !callout from Teledyne. 12/19/90 A. Zahavi

RELEASE PRINT
RESPONSIBLE ENGINEERING ACTIVITY

REA ORG CODE 76-11-10

AH 12/19/90
REV REL DATE REL BY

Information contained on the following page IPAGE E1I

identifies only the suggested source(s) of
supply and the supplier's part number. 23 934268 A

0-23 CODE IDENT NO. 82577
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SUGGESTED SOURCE(S) OF SUPPLY

PROCUREMENT BY HUGHES AIRCRAFT COMPANY IS LIMITED TO THE MANUFACTURERS LISTED HEREIN:

HUGHES VENDOR ITEM NUMBER
NUMBER
934268- ILC/DDC 1/ GML _/ Z/ Hughes (MCD) Hughes (TSD)

IB Not Approved Not Approved 1040510-3B ESH-7001-IB
IC Not Approved Not Approved 1040510-3C ESH-7001-IC

2B Not Approved Not Approved 1040510-4B ESH-7001-2B
2C Not Approved Not Approved 1040510-4C ESH-7001-2C

501B CMP82100-602 1,000,036-1-2 1040510-1 ESH-7001-501B

502B CMP82100-605 1,000,036-2 1040510-2 ESH-7001-502B

503B Not Approved Not Approved 1040510-5 Not Approved

504B Not Approved Not Approved Not Approved Not Approved

1 Evaluation of the component indicated has not been completed. Procurement
of indicated parts shall be limited until supplier action has been completed
and shall only be approved for the F-15 and F-18 Programs.

2/ The component described by this document has been inactivated. The item is
no longer procurable from this supplier.

I __ I _ _ I __I

ILC Data Device Corp., Bohemia, NY (GAGE Code 19645)
Garrett Canada, Div of Allied Signal Canada Inc., Rexdale, Ontario, Canada

(GAGE Code 07217)
Hughes Aircraft Co., Microelectronic Circuits Div., Newport Beach, CA

(GAGE Code 55267)
Hughes Aircraft Company, El Segundo, CA (GAGE Code 82577)
Solitron Devices, Inc., Riviera Beach, FL (GAGE Code 21845)
Teledyne Components, Dedham, MA (GAGE Code 29832)

IDENTIFICATION OF THE SUGGESTED SOURCE(S) OF SUPPLY HEREON IS NOT TO BE CONSTRUED AS A
GUARANTEE OF PRESENT OR CONTINUED AVAILABILITY AS A SOURCE OF SUPPLY FOR THE ITEM(S).

PAG REVISIO
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SUGGESTED SOURCE(S) OF SUPPLY - (CONTINUED)

PROCUREMENT BY HUGHES AIRCRAFT COMPANY IS LIMITED TO THE MANUFACTURERS LISTED HEREIN:

HUGHES VENDOR ITEM NUMBER
NUMBER
934268- Solitron Teledyne

1B CJEY102 Not Approved
iC CJEY104 Not Approved

2B CJEY11O Not Approved
2C CJEY112 Not Approved

501B CJEY106 700914

502B CJEY108 700854

r07p Not Approved Not Approved

504B CJEY116 I/ Not Approved
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APPENDIX P

TRANSISTOR SPECIFICATION

PROUREMEW SPECIFICATION PAR NI, PS60071

2N3798 CHIP FSQ4 NM 5267
MPICaMET1lONlC 2N3799

CIRCUITS DIVISIO4 PNP TRANSISTOR
NEWORT 8EACH

1.0 SCOPE

i. I SCOPE. THIS OCUMENT DELINEATES THE DETAIL REIR1NTS FOR THE

ABOVE SPEIFIED HYBRID MICROCIRCUIT ELEMENTS. THES E MIMS ARE

INTENDE FOR UJE IN CLASS 8 MILITARY HYBRID APPrICATICNs.

2. APPLICABLE xCUTS,

2. I GENERAL SPECtFICATION. THIS CETAIL SPECIFICATION IS TO BE UE IN

Ca]ucION WITH THE LATEST ISSUE IN EFFECT OF GERAL PROCUMT
SPECIFICATION PS 60000.

3. REO.JIREENTS
3, I GEERAL 4JIlEM4TS. GENERAL IFWIRD04TS SiALL BE AS SPECIFIED IN

GENERAL PROCUeET 5PECIFICATION PS 60000.

3. 2 EQWIREENT FOR APFFDVW SOUCS OF SLFPLY. ELEENTS SHALL BE

FI.R'ISHED FROM ONLY THOSE SOURCE5 OF SUPPLY NOTED IN TIE APPENDIX A
HEREIN,

14 RELEASE PRINT
ENGRG '-'

= REV. £E[ DATE I Mr. BY

INITIAL APPROVALS DATE REV LTR DATE C-ECKE) APPROVED DCN

PEA Sabrina~a~yf 88-08-11 J 88-08-11 70767

CHEED See Original K 89-08-08 V' 73230

APPROVED See Original

AUTHRI BY owN x 25037

P-I



3.3 DETAIL FUNCTIONAL W1LREENMI ELEMENT FLNCTIONAL CHARACTERISTICS SHALL

IE CONSISTANT WITH THE MANFACT PUBLISHED INFORMATION AND THE

REQUIRE)ENTS SPECIFIED ELOW.

j3.

2.- "

NOTE: THE ABOVE DIAGRAM REPRESENTS 1 DIE OF PAIR FOR "-2" and "-4".

PAD SIGNAL

1. EMITTER

2. BASE

I, COLLECTOR

FSCM NJ. MID7CECTR'IIC 2 K PS60071

55267 c1WsROJDVCH S N RV LTR UMBER
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3.4 OETAIL MCDiANICAL REI.REENTS.

3.4. 1 CONSTRJCTION AND MATIERIALS. ELEMENTS SHALL BE CON5TRTED AS FOLLOWS

SEMICIO'XTOR MATERIAL: Si

OFSIGN TECI.OLOGY. Bipolar

TOP METALLIZATIOIt Al

BACK METALLIZATIM Au

aCK ELECTRIC CONTAcT: Cathode

3.4.2 TOPOGRAPHY AD DIMENSIONS. REIUIREMENTS APPLY TO SPECIFIC PART NUMER AS

DEFINED IN TABLE I. BOND PAD NUM S ARE 5HOWN IN PARENTHESIS. DIMENSIONS

AND BOND PAD LOCATIONS SHALL MEET THE RE UIREMENT5 OF TIE APPLICABLE FIGLFE

PERIMETER BOND PADS MUST BE LOCATED ENTIRELY TO TiE SIDE OF THE CHIP DIAGONAL

AS SHOWN AND IN THE SEUENCE INDICATED. THOSE DESIGNATED BY AN ASTERISK MAY BE

LOCATED IN THE ADACENT CORqE. INTERIOR BOND PADS SHALL BE IN THE GENERAL

AREA INDICATED.
TABLE P-I. CHIP TOPOGRAPHY

PART NO. FIGLRE

PS60071-1,-3 1

PS60071-2,-4 1 (1 OF 2 DIE)

\ /
N /

\ /

No

Topography .025"
MAX

Speci fied

/\
/\

.025"
MAX

Figure P-I. Dimensions and Pad Locations

F.SCM NO, MICROELCNIC 3 K PS60071

55267 CIRITS oIVISION
t T B S NO. RE LPTR -UMBER

PS :"! P -3



3.5 DETAIL ELECTRICAL REW~IREJTS. ELMN DETAIL EECTRICAL CHARACTRISTICS

SMALL CONFORM TO THE REQIR1ETS DEFIE IN TABLE 11 VCf TABLE I1-A FOR

THE APPRRATE PART W5JBER.

TABLE P-11. ELECTRICAL REQUIREMENTS

PART NO. GENERIC RQIE1T
____________ REFERENCE

PS60071-1 2N3798 -650C , T. i! +2000C

PS60071-2 2N3798 PAIR -650C A T. ' +2000C

____________ _____________ELECTRICAL TEST PARAMETERS :TABLE IIla
S I AWARD-

PS60071-3 2N3799 -650C 4 T. i +2000C

ELECTRICAL TEST PARAMETERS :TABLE IlIb

WAFER ADJACENT PAIRS

PS60071-4 2N3799 PAIR -650C 6 +00
_____________ _____________ELECTRICAL TEST PARAMETERS :TABLE IlIb

S.. 1. i-7B ELEMETS SHALL BE CAPABLE CF PASING A HIGH- TEMPERATURE REVE-E BIAS5

(HTRB) TEST AS DEIE HERiN TEST CONDfITIONJS SAALL BE 150"C FOR 48 -OLRS

.rdAPPLIED SIAS AND EN POINT REQUIR'EMETS AS DEIM IN TAELE II-A.

TABLE P-Il-A: HTRB REQUIREMENTS

PART NO. APPLIED BIAS END POINT FEQLJIRSINTS

PS60071-1 V CE -48V h FE AND I CBO PER TABLE IlIa @ +250C
PS60071-2CE

PS60071-4

-. N- ~4 K PS60071

55a6T EAN 51- - NO. REV L TR rW",E3
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TABLE P-IIA. ELECTRICAL TEST PARAMETERS (PS60071-1, -2)

LIMITS
PARAMETER CONDITIONS - UNITS

-55°0  +25 0  +150°C

V(BR)CEO IC =lA, IB =0 60 Min V

V(BR)CB0 IC = lOuA, I = 0 60 Min V

V(BR)EB0 = luA, = 0 5.0 Min V

ICB0 VCB = 50V, I = 0 0.01 Max 10 Max uA

IEBO VBE = 4 .OV, IC  
0  20 Max -- nA

hFE / IC = lOuA, VCE = 5.OV 100 Min

150 Min

hFE / IC = 500uA, VCE = 5.OV 450 Max

hFE I C = lOmA, VCE = 5.OV 125 Min

VCE(SAT )  I C = 1OOuA, IB = lOuA 0.2 Max
C IC = l.OmA, IB = lOOuA 0.25 Max V

VBE(SAT) I C = 100uA, IB = lOuA 0.7 Max
I C = 1.OmA, IB = lOOuA 0.8 Max

VBE(ON) IC = lOOuA, VCE = 5.OV -- 0.7 Max -- V

fT 21/ IC=500uA,VCE=5.OV,f=30MHZ -- 30 Min -- MHZ

VBE(1)- VBE(2) IC = 1OOuA, VCE =V -- ±5 Max -- mV
(PS60071-2)
hFE(1)/hFE(2) IC = 500uA, V = 5V 0.85 Min
(PS60071-2) VCE 1.15 Max

NOTES:
1/ PULSE TEST: PULSE WIDTH 5 300us, DUTY CYCLE 4 2.0%.

2/ PARAMETER GUARANTEED BY DESIGN. NOT TESTED.

F (Y-i NO. MIC ECTROIC 5 K PS60071

55 6 7 IRCITS o1vISI
55 7RE T EBACH , HT l. FV L TR U&BjE
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TABLE P-111B. ELECTRICAL TEST PARAMETERS (PS60071-3, -4)

LIMITS
PARAMVETER COWfITIONS -UNITS

-550 C +250:C +150°C

V(BR)CE0 IC = 0mA, IB = 0 -- 60 Min v

V(BR)CB0 IC = l0uA, = 0 60 Min V

V(BR)EBO IE = 1OuA, IC = 0 5.0 Min -- V

ICB0 VCB = 50V, IE = 0 0.01 Max 10 Max uA

IEBO VBE = 4 .OV, Ic = 0  20 Max -- nA

hFE I/ IC = 1OuA, VCE = 5.OV 225 Min

300 Min
hFE 1/ IC = 500uA, VCE = 5.OV 900 Max

hFE I/ IC = 10mA, VCE = 5.OV 250 Min

VCE(SAT) 1/ Ic = 1OOuA, IB = lOuA 0.2 Max
- IC = 1.0mA, IB = 1OOuA 0.25 Max

VBE(SAT) 1/ C lO0uA, I2 = lOuA 0.7 Max __
IC = 1.OmA, IB = lOOuA 0.8 Max

VBE(ON) IC = 1OOuA, VCE = 5.OV -- 0.7 Max -- V

fT 2/ IC=500uA,VCE=5.OVf=30MHZ -- 30 Min -- MHZ

VBE(l)-VBE(2) IC = 1OOuA, VCE = 5V -- ±5 Max -- mV

(PS60071-4)

hFE(1)/hFE(2) IC = 500uA, VCE =5V _ 0.85 Min

(PS60071-4) CE1.15 Max

NOTES:
1/ PULSE TEST: PULSE WIDTH 6 300us, DUTY CYCLE K 2.0%.

2/ PARAMETER GUARANTEED BY DESIGN. NOT TESTED.

FSCM NJ. MIU _ECTRONIC 6 K P
F~~1N~.I IRJI IVS146 K ~ PS60071

55S 67 CIRW KS IVISION
NWP6TBEACH ST N R L TR NMrAEm
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4.0 WALITY A55.PANE PROVISIONS

4.1 E T EVALUJAT ION. TUE S PLIER SHALL PFOW E-0rT EVALUATION

TESTING ON EACH LOT OF DIE PRCCRE TO THIS SPECIFICATION

IN ACCORDANCE WITH THE REUIREMENTS OF PS 600i AND TABLE IV..

TABLE P-IV. ELEMENT EVALUATION

INSPECTION / TEST RFJIREIENT I/ ACCEPTANCE
CRITERIA

SAMPLE VI9JAL LTPD=15, C=1

SAPLE MECHANICAL

" CONSTRUCTION AND MATERIALS 3.4. 1 LTPO=5, C=I
• TOPOGRAPY AND DIMENSIONS 3.4.2

PACKAGED SAMPLE ELECTRICAL

" INTERNAL VISUAL

" ELECTRICAL TEST 3.5

* HT5 3.5.1 LTPD=15, C=1

" POST HTRB END POINT TESTING 3.5.1

PACKAGED SAMPLE MECHANICAL 10 WIRES

SBOND STR TH 5 DIE MINIhU1
0 FAILLES

I/ REQIRfENTS PER TIE APPLICABLE PARAGRAPHS OF PS 60000 AND PARAGRAPHS
OF THIS SPECIFICATION LISTED HEREIN

5. 0 PREARATION FOR DELIVERY
ELElENT5 SHALL EE PREPARED FOR DELIVERY IN ACCORDANCE WITH TIE
REOUIREJENT5 OF SECTION 5. 0 OF PS 60000.

FECM' NO. MCROEECTUNC I7 j K jPS6007 1
5T67 CI TOIN 5HT NO. t--V LTR I ~

P-7



APPENDIX A
APPROVE SOURCES OF S.PLY

10. 1 APPRVD MANAFACT .RE. ELEMENTS SHIPPE TO THIS SECIFICATION SHALL BE

PRODUCTS OF THE KqAFACTULS LISTED B.OW *0 ARE APPROVED FOR THE

APPROPRIATE PART N E AS DEFINED IN TABLE A-I.

is. i. MOTOROLA SEMICONDUCTOR
PHOENIX, AZ 85036
(NOTE: MATERIAL NO LONGER PRODUCED BY THIS MANUFACTURER)

is. l.p SPRAGUE SEMICONDUCTOR
CONCORD, N.H. 03301

1L .1. 3 TEXAS INSTRUMENTS
DALLAS, TEXAS
(NOTE: MATERIAL NO LONGER PRODUCED BY THIS MANUFACTURER.)

IL, 1.4

10. 1. 5

TABLE A-I: APPROVED SuPPLIERS

PART NO. SUFP IER

PS60071-1,-2 10.1.1 - 10.1.3

PS60071-3,-4 10.1.1 - 10.1.3

1. 2 ALTERNATE SOURCM A DIE PROCESSING / DISTRIBUTION FACILITY MAY BE USED AS

A SOURCE OF SUPPLY FOR P T OF AN APPROVED MANJFACTURER ONLY AS

CEINED IN PS 600,

FHCI- N). MICROELECTFUNIC 8 K PS60071

55267 CIF1JITS DvIISIN ND. I
WoT 1EAC SHT N L TR NLR

""' P-8



DCN Lin
DOCMENT CHANGE NOMIE paca. OwIUMS

PF408PAM sulaw 1"m O IOT EM HAWE AW NMIEE F

____________ENGINEERING DRAWINGS AND SPECIFICATIONS

__m NW O. ie NEW am M- MJ aA NEW Q.- -OE

Duscfavnom OF acAN0

PAtD- %\NO -rP&RPlY SPECLFIED/

ps . S ,OoF--L =~ -4-SV Pt MbTl ao ?-PR TAJRLE ML-

SVe~ -46\./ ANDTcBo PESR TABLE XfMa, @ 4-AC-

a.- -4~

(NOTE: KKT ~ALX04 LDNrxER PR~bUCEfl By T ~ A~L~

ND r sNE UPLE NU TrEKPERA-rURE

SPECIAL INSTRUCrt)N

OTH4ER ORAVANGS AFFECTED

CLASS D36 CRITERIA
AFFECTS FUNC"OAL OR D&LOICOE Imm"S Amm CONhOI Y.M1 AFFECTS A CONTF40LTE O
CONFIOUPAMiN I1060CATION INI "* vmv4ANOEALEO

CAUSES A CHANGE TO rfJ CAUSES SONF1CAN? O4ANQE D EA OFLIEWV I
OR MOPE CONTROL flVAS IN COS

C4NEEFFscnvffy IiSPOSMTO4 OF TTEMS
CHNE Li04 UTOE YES 00

APPROVALS.

pfpEPm0 e' Ono com bqEJ ORO CODE o"t ORO CODE

-~~--( T- (__ _q_ R)__ L

P-9



APPENDIX 0

DATA FROM THE HYBRID CONTAMINATION SCREEN

DATA FROM THE HYBRID CONTAMINATION SCREEN

The data in this section summarizes all of the electrical

measurements performed during the hybrid contamination screen. Data is

presented on the voltage outputs from the hybrids, pin-to-pin leakage

currents and pin-to-pin resistances. Data is presented for both the

positive voltage regulators, P/N 934266, and the negative voltage

regulators, P/N 934268.

Each of the tables of voltages, leakage currents and reistance!.

includes data columns which show the maximum and minimum values for each

parameter, and the percent delta between the maximum and minimum values

(the absolute delta between minimum and maximum values is shown for

leakage currents).

Additional tables summarize the maximum, minimum and maximum

deltas of each parameter for all the hybrids of a particular type.

The column headings correspond to the steps in the hybrid screen

as follows:

Initial Build = data supplied by factory

Initial Screen - INEL

Post HTRB - HTRB

Post Bake - BAKI

Pre-Burn-in EL2

Post Burn-in = HTFB

Step 6 = BAK2

The S/Ns of the various regulators are shown below.

Negative Regulators Positive Regulators

0480 7941 11650 11789

8290 8355 11836 11861

8388 8584 12034 12183

8589 8748

8872 8929

The next page is an index to the data.



Data and Data Summaries for Hybrid Contamination Screen

Index

Voltage Measurements on 934266 Hybrids ........ pp. 1 and 2

Voltage Measurements on 934268 Hybrids ........ pp. 3 to 6

Resistance Measurements on 934266 Hybrids ..... pp. 7 and 8

Resistance Measurements on 934268 Hybrids ..... pp. 9 to 12

Leakage Measurements on 934266 Hybrids ........ pp. 13 and 14

Leakage Measurements on 934268 Hybrids ........ pp. 15 to 18

Summary of Maximum, Minimum and Maximum Deltas for
Voltage Measurements on 934266 Hybrids ....... p. 19

Summary of Maximum, Minimum and Maximum Deltas for
Voltage Measurements on 934268 Hybrids ....... p. 20

Summary of Maximum, Minimum and Maximum Deltas for
Resistance Measurements on 934266 Hybrids .... p. 21

Summary of Maximum, Minimum and Maximum Deltas for
Resistance Measurements on 934268 Hybrids .... p. 22

Summary of Maximum, Minimum and Maximum Deltas for
Leakage Measurements on 934266 Hybrids ....... p. 23

Summary of Maximum, Minimum and Maximum Deltas for
Leakage Measurements on 934268 Hybrids ....... p. 24
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SERIAL NO. 11789 VOLTAGES

INITIAL INITIAL POST POST PRE- WOE: STEP

701TAGE BUILD(l) SCREEN B BAKE BURN-IN BU.RI-:N 6 MAX MfUM MINIMUM

V 50.001 50.030 50.04 50.040 50.036 5C.034 50.035 50.040 50.030

V03 50.030 50.04 50.040 50.036 5C.034 50.034 50.040 50.030

V05 25.001 25.030 25.03 25.030 25.036 2!.032 25.034 25.036 25.030

V07 25.030 25.03 25.030 25.034 25.032 25.034 25.034 25.030

V09 12.002 12.020 12.02 12.024 12.024 12.024 12.033 12.033 12.020

VOlI 12.020 12.02 12.024 12.024 12.024 12.033 12.033 12.020

V013 5.994 6.010 6.01 6.009 6.007 6.007 6.008 6.010 6.007

Vos 6.010 6.01 6.009 6.007 6.007 6.008 6.010 6.007

V017 5.010 5.01 5.013 5.024(0 5.011 5.012 5.024 5.010

V019 4.993 5.010 5.01 5.012 5.024,1) 5.011 5.012 5.024 5.010

VOR 10.004 10.020 10.03 10.025 10.025 10.024 10.025 10.030 10.020

SERIAL NO. 11851 VOLTAGES

INITIAL INITIAL POST POST PRE- POS: STEP

VOLTAGE BUILD (1) SCREEN BEM BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM

Vol 50.003 50.030 50.04 50.030 50.030 50.030 50.028 50.040 50.028

V03 50.030 50.04 50.030 50.030 50.030 50.028 50.040 50.026

V05 24.991 25.020 25.02 25.020 25.025 25.021 25.020 25.025 25.020

V07 25.020 25.02 25.020" 25.025 25.021 25.020 25.025 25.020

V09 12.011 12.030 12.03 12.033 12.036 12.032 12.033 12.036 12.030

Vo01 12.030 12.03 12.033 12.036 12.032 12.033 12.036 12.030

V013 5.992 6.010 6.01 6.007 6.008 6.006 6.006 6.010 6.006

V015 6.010 6.01 6.007 6.008 6.006 6.006 6.010 6.006

V017 5.010 5.01 5.011 5.014 5.011 5.011 5.014 5.010

V019 4.993 5.010 5.01 5.011 5.014 5.011 5.011 5.014 5.010

VOR 9.982 10.000 10.00 9.998 10.000 9.996 9.997 10.000 9.996

SERIAL NO. 11836 VOLTAGES

-INITIAL INITIAL POST POST PE- POST STEP

VOLTAGE BUILD(1) SCREEN aRD BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM

Vol 49.999 50.030 50.04 50.040 50.042 50.035 50.032 50.042 50.030

V03 50.040 50.04 50.040 50.042 50.035 50.032 50.042 50.032

V05 24.984 25.020 25.02 25.020 25.023 25.019 25.019 25.023 25.019

V07 25.020 25.02 25.020 25.023 25.019 25.019 25.023 25.019

V09 11.994 12.020 12.02 12.019 12.021 12.019 12.020 12.021 12.019

V0l1 12.020 12.02 12.019 12.021 12.018 12.019 12.021 12.018

V013 5.991 6.010 6.01 6.007 6.007 6.006 6.007 6.010 6.006

V015 6.010 6.01 6.007 6.007 6.006 6.007 6.010 6.006

V017 5.010 5.01 5.012 5.011 5,011 5.013 5.013 5.010

V019 4.991 5.010 5.01 5.012 5.011 5.011 5.012 5.012 5.010

VOR 9.988 10.010 10.01 10.008 10.010 10.007 10.008 10.010 10.007

NOTES 1. Initial Build data supplied by factory (this data not included in max/min evaluation

2 Eventhough these values ire within specification limits, there is a high probability

that they were recoreded incorrectly and should be L.014. The hybrids only sat

"on the shelf" for a period of time since the previous meas-xements of 5.013 and 5.012.
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SERIAL NO. 12183 VOLTAGES

INITIAL INITIAL POST POST PRE- POS: STEP
VOLTAGE BUILD(l) SCREEN HTRB BAKE BURN-IN BURN-:N 6 MAXIMUM MINIMUM

VOl 50.011 50.050 50.05 50.050 50.041 5C.046 50.047 50.050 50.041
V03 50.050 50.05 50.050 50.041 5C.046 50.047 50.050 50.041
V05 24.990 25.020 25.02 25.020 25.022 25.023 25.023 25.023 25.020
V07 25.020 25.02 25.020 25.022 25.023 25.023 25.023 25.020
V09 12.005 12.030 12.03 12.030 12.030 12.029 12.029 12.030 12.029
Vo1 12.030 12.03 12.030 12.030 12.029 12.029 12.030 12.029
V013 5.992 6.010 6.01 6.008 6.021 6.007 6.007 6.021 6.007
Vo0s 6.010 6.01 6.008 6.020 6.007 6.007 6.020 6.007
V017 5.010 5.01 5.012 5.079 (V 5.012 5.011 5.079 5.010
V019 4.992 5.010 5.01 5.012 5.071($' 5.012 5.011 5.071 5.010
VOR 9.989 10.010 lu.01 10.008 10.007 10.007 10.006 10.010 10.006

3. These values are probably a recording error since the hygrids only "sat on the shelf"

since the previous measurement of 5.012. Also. subsequent measurements were
consistent with the 5.012 values.

SERIAL NO. 11650 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP
VOLTAGE BUILD(1) SCREEN ETRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM

Vol 50.008 50.040 50.04 50.040 50.045 50.038 50.038 50.045 50.038
V03 50.040 50.04 50.040 50.045 50.038 50.038 50.045 50.038
V05 25.002 25.030 25.03 25.030 25.035 25.031 25.030 25.035 25.030
V07 25.030 25.03 25.030 25.035 25.031 25.030 25.035 25.030
V09 11.998 12.020 12.02 12.020 12.022 12.019 12.019 12.022 12.019
Vo1 12.020 12.02 12.020 12.022 12.019 12.019 12.022 12.019
V013 5.993 6.010 6.01 6.008 6.009 6.002 6.007 6.010 6.002
V015 6.010 6.01 6.008 6.009 6.002 6.007 6.010 6.002
V01? 5.020 5.01 5.012 5.013 5.011 5.011 5.020 5.010
V019 4.993 5.020 5.01 5.012 5.013 5.011 5.011 5.020 5.010
VOR 9.998 10.010 10.02 10.015 10.017 10.014 10.015 10.020 10.010

SERIAL NO. 12034 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP
VOLTAGE BUILD ( 1) SCREEN KTRB BAKE BURN-IN BURN-Ill 6 MAXIMUM MINIMUM

Vol 49.986 50.020 50.03 50.020 50.025 50.019 50.020 50.030 50.019
V03 50.020 50.03 50.020 50.025 50.019 50.020 50.030 50.019
V05 24.998 25.030 25.03 25.030 25.032 25.027 25.028 25.032 25.027
V07 25.030 25.03 25.030 25.032 25.027 25.028 25.032 25.027
V09 12.016 12.040 12.04 12.038 12.040 12.037 12.038 12.040 12.037

Voll 12.040 12.04 12.038 12.040 12.037 12.038 12.040 12.037
V013 5.993 6.010 6.01 6.007 6.008 6.006 6.007 6.010 6.006
VO1s 6.010 6.01 6.007 6.008 6.006 6.007 6.010 6.006
V017 5.015 5.01 5.012 5.012 5.011 5.011 5.015 5.010
V019 4.993 5.015 5.01 5.012 5.012 5.011 5.011 5.015 5.010
VOR 10.003 10.020 10.02 10.020 10.021 10.018 10.019 10.021 10.018
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SERIAL NO. 08355 VOLTAGES

INITIAL INITIAL POST POST PRE- POS: STEP PERCENTVOLTAGE BUILO(I SCREEN 8TRB BAKE BURN-IN BURN-:N 6 MAXIMUM MINIMUM DELTA
Vol 49.917 50.04 50.940 50.760 50.784 50.728 50.711 50.940 50.040 1.767V03 50.04 50.940 50.760 50.783 50.728 50.711 50.940 50.040 1.767V05 24.959 25.05 25.420 25.330 25.346 25.321 25.312 25.420 25.050 1.456V07 25.05 25.420 25.330 25.346 25.321 25.311 25.420 25.050 1.456V09 11.982 11.98 12.140 12.109 12.109 12.107 12.141 12.141 11.980 1.326vo1 11.98 12.140 12.109 12.108 12.107 12.102 12.140 11.980 1.318V013 5.998 6.00 6.018 6.019 6.013 6.017 6.016 6.019 6.000 0.316V015 5.98 6.018 6.018 6.013 6.017 6.016 6.018 5.980 0.631V017 4.99 4.995 4.994 4.994 4.999 4.996 4.999 4.990 0.176V019 5.000 4.98 4.995 4.994 4.994 4.999 4.996 4.999 4.980 0.376VOR 9.991 9.98 10.091 10.072 10.073 10.072 10.068 10.091 9.980 1.100

SERIAL NO. 00480 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENTVOLTAGE BUILD(1) SCREEN uiRm B=AK BURN-IN BURi-IN 6 MAXIMUM MINIMUM DELTA
Vol 50.143 50.26 50.190 50.200 50.196 50.185 50.187 50.260 50.185 0.149V03 50.26 50.190 50.200 50.196 50.185 50.187 50.260 50.185 0.149V05 24.999 25.05 25.000 25.070 25.014 25.007 25.014 25.070 25.000 0.279V07 25.05 '25.000 25.070 25.013 25.007 25.014 25.070 25.000 0.279V09 12.057 12.06 12.040 12.052 12.059 12.051 12.050 12.060 12.040 0.166Vol1 12.06 12.040 12.052 12.053 12.051 12.084 12.084 12.040 0.364V013 6.011 8.00 6.001 6.002 6.002 6.002 6.006 6.006 6.000 0,100V015 6.00 6.001 6.002 6.002 6.002 6.006 6.006 6.000 0.100V017 4.99 4.992 4.993 5.008 4.994 4.992 5.008 4.990 0.363V019 5.008 4.99 4.992 4.993 5.008 4.994 4.992 5.008 4.990 0.363VOR 9.992 9.98 9.969 9.972 9.974 9.970 9.970 9.980 9.959 0.110

SERIAL NO. 08748 VOLTAGES

INITIAL INTTIAL POST POST PRE- POST STEP PERCENTVOLTAGE DUILD(1) SC.,EEN lTRE BAKE BURN-IN BURP-IN 6 MAXIMUM MINIMUM DELTA
Vol 49.676 49.720 50.490 50.410 50.422 50.410 50.394 50.490 49.720 1.525V03 49.720 50.490 50.410 50.420 50.410 50.394 50.490 49.720 1.525V05 24.839 24.855 25.200 25.160 25.170 25.164 25.163 25.200 24.855 1.369V0? 24.850 25.200 25.160 25.169 25.164 25.161 25.200 24.850 1.389V09 11.980 11.970 12.090 12.082 12.095 12.088 12.083 12.095 11.970 1.033Vail 11.970 12.090 12.082 12.092 12.088 12.083 12.092 11.970 1.009V013 5.993 5.980 5.990 6.001 6.000 6.005 6.003 6.005 5.980 0.416V015 5.980 5.998 6.001 6.000 6.005 6.003 6.005 5.980 0.416Va17 4.980 4.983 4.986 5.001 4.993 4.990 5.001 4.980 0.416V019 5.001 4.980 4.983 4.986 5.001 4.993 4.990 5.001 4.980 0.416VOR 9.952 9.950 10.020 10.013 10,015 10.018 10.014 10.020 9.950 0.699
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SERIAL NO. 08929 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENT

VOLTAGE Build(1) SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

Vol 49.893 49.87 50.920 50.780 50.786 50.758 50.738 50.920 49.870 2.062

V03 49.87 50.920 50.780 50.785 50.758 50.738 50.920 49.870 2.062

V05 24.958 24.94 25.430 25.350 25.350 25.338 25.340 25.430 24.940 1.927

V07 24.94 25.430 25.350 25.349 25.338 25.339 25.430 24.940 1.927

V09 11.995 11.97 12.150 12.141 12.135 12.126 12.125 12.150 11.970 1.481

VOll 11.97 12.150 12.141 12.135 12.126 12.125 12.150 11.970 1.481

V013 5.987 5.97 6.011 6.005 6.005 6.009 6.016 6.016 5.970 0.765

V015 5.97 6.011 6.005 6.005 6.009 6.014 6.014 5.970 0.732

V017 4.96 4.981 4.980 4.980 4.983 4.982 4.983 4.960 0.460

V019 4.985 4.96 4.981 4.980 4.980 4.983 4.982 4.983 4.960 0.460

VOR 9.976 9.95 10.076 10.058 10.059 10.058 10.056 10.076 9.950 1.250

SERIAL NO. 08589 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENT

VOLTAGE BUILD(1) SCREEN STRE BAK BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

Vol 50.049 50.09 50.370 50.320 50.337 50.320 50.295 50.370 50.090 0.556

V03 50.09 50.370 50.320 50.336 50.320 50.295 50.370 50.090 0.556

V05 25.020 25.02 25.160 25.140 25.136 25.132 25.126 25.160 25.020 0.556

V07 25.02 25.150 25.140 25.136 25.132 25.126 25.150 25.020 0.517

V09 12.026 12.01 12.060 12.054 12.054 12.056 12.052 12.060 12.010 0.415

V011 12.01 12.060 12.054 12.054 12.056 12.050 12.060 12.010 0.415

V013 6.012 6.00 6.005 6.006 6.009 6.009 6.007 6.009 6.000 0.155

V015 6.00 6.005 6,005 6.009 6.009 6.007 6.009 6.000 0.155

V017 4.99 4.994 4.996 4.995 4.999 4.997 4.999 4.990 0.186

V019 5.012 4.99 4.994 4.995 4.995 4.999 4.996 4.999 4.990 0.186

V0R 10.013 9.99 10.026 10.022 10.022 10.025 10.021 10.026 9.990 0.359

SERIAL NO. 08872 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENT

VOLTAGE BUILD(1) SCREEN TRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

V01 50.020 50.00 50.770 50.660 50.654 50.650 50.636 50.770 50.000 1.517

V03 50.00 50.770 50.660 50.653 50.650 50.636 50.770 50.000 1.517

V05 25.020 25.00 25.340 25.300 25.292 25.294 25.287 25.340 25.000 1.342

V07 25.00 25.340 25.300 25.292 25.294 25.286 25.340 25.000 1.342

V09 12.021 12.00 12.126 12.110 12.110 12.112 12.128 12.128 12.000 1.055

V011 12.00 12.125 12.110 12.110 12.112 12.128 12.128 12.000 1.055

V013 6.012 6.00 6.020 6.019 6.020 6.024 6.021 6.024 6.000 0.390

1015 6.00 6.019 6.019 6.020 6.024 6.021 6.024 6.000 0.390

V017 4.99 4.995 4.996 5.030k4) 5.001 4.999 5.030 4.990 0.793

V019 5.008 4.99 4.995 4.996 5.030(4) 5.001 4.999 5.030 4.990 0.793

VOR 10.003 9.97 10.067 10.056 10.056 10.060 10.057 10.067 9.970 0.964

Notes: 4. Probably a mistake in data entry. Should be 5.003. No reason for large
change from previous entry of 4.996
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SERIAL NO. 08584 VOLTAGES

INITIAL :NITIAL POST POST PRE- POST STEP PERCENTVOLTAGE BUILD(1) SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

Vol 49.975 50.16 51.650 51.380 51.385 51.271 51.227 51.650 50.160 2.885V03 50.15 51.650 51.380 51.387 51.271 51.227 51.650 50.150 2.904V05 24.960 25.07 25.720 25.590 25.614 25.552 25.535 25.720 25.070 2.527V07 25.08 25.720 25.590 25.613 25.552 25.533 25.720 25.080 2.488V09 12.013 12.03 12.292 12.238 12.241 12.226 12.216 12.292 12.030 2.131Vou 12.03 12.291 12.238 12.240 12.226 12.216 12.291 12.030 2.124V013 6.006 6.00 6.056 6.047 6.050 6.048 6.065 6.065 6.000 1.072V015 6.00 6.056 6.047 6.050 6.048 6.065 6.065 6.000 1.072V017 4.99 5.017 5.015 5.015 5.018 5.015 5.018 4.990 0.558V019 5.010 4.99 5.017 5.015 5.014 5.018 5.015 5.018 4.990 0.558VOR 9.998 10.00 10.185 10.154 10.154 10.145 10.13S 10.185 10.000 1.816

SERIAL NO. 07941 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENTVOLTAGE BUILD(1) SCREEN sm BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

Vol 49.951 50.10 50.570 50.460 50.488 50.445 50.426 50.570 50.100 0.929V03 50.10 50.570 50.450 50.486 50.445 50.426 50.570 50.100 0.929VOS 25.017 25.07 25.280 25.230 25.245 25.228 25.218 25.280 25.070 0.831V07 25.07 25.280 25.230 25.244 25.228 25.218 25.280 25.070 0.831V09 12.017 12.02 12.099 12.083 12.100 12.086 12.080 12.100 12.C20 0.661VOll 12.02 12.099 12.083 12.096 12.066 12.061 12.099 12.020 0.853V013 5.999 5.99 6.003 6.004 6.003 6.005 6.006 6.006 5.990 0.266V015 5.99 6.003 6.004 6.003 6.005 6.005 6.006 5.990 0.266V017 4.98 4.990 4.987 4.989 4.991 4.989 4.991 4.980 0.218V019 5.000 4.98 4.990 4.987 4.989 4.991 4.990 4.991 4.980 0.218VOR 10.008 10.00 10.060 10.045 10.049 10.048 10.045 10.060 10.000 0.596

SERIAL NO. 08290 VOLTAGES

INITIAL INITIAL POST POST PRE- POST STEP PERCENTVOLTAGE BUILD(l) SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

VOl 50.039 50.07 50.590 50.500 50.515 50.520 50.508 50.590 50.070 1.028V03 50.07 50.590 50.500 50.511 50.520 50.508 50.590 50.070 1.028V05 24.990 25.00 25.220 25.190 25.197 25.205 25.200 25.220 25.000 0.872V07 25.00 25.220 25.190 25.196 25.205 25.200 25.220 25.000 0.872
VC9 12.029 12.02 12.100 12.087 12.121 12.099 12.097 12.121 12.020 0.833VOll 12.02 12.099 12.087 12.119 12.099 12.097 12.119 12.020 0.817V013 6.007 5.99 6.010 6.005 6.048 6.012 6.014 6.048 5.990 0.961V1 15 5.99 6.009 6.005 6.046 6.013 6.014 6.046 5.990 0.933V07 4.98 4.984 4.987 5.101 4.994 4.996 5.101 4.980 2.370V19 5.004 4.98 4.984 4.987 5.094 4.994 4.996 5.094 4.980 2.240V0Rp 9.986 10.10 10.024 10.017 10.033 10.027 10.027 10.098 10.017 0.802
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SERIAL NO. 08388 VOLTAGES

INITIAL INITIAL POST POST PRE_ POST STEP PERCENT
VOLTAGE BUILD(1) SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIUM DELTA

Vol 50.066 50.21 50.740 50.610 50.627 50.631 50.593 50.740 50.210 1.045
V03 50.21 50.740 50.610 50.626 50.626 50.593 !0.740 50.210 1.045
V05 25.014 25.12 25.310 25.320 25.265 25.269 25.253 25.320 25.120 0.790
V07 25.12 25.310 25.310 25.265 25.269 25.253 25.310 25.120 0.751
V09 12.014 12.02 12,108 12.094 12.098 12.099 12.100 12.108 12.020 0.727
V01 12.02 12.108 12.093 12.098 12.099 12.100 12.108 12.020 0 727
V013 5.999 5.99 6.001 6.005 6.050 6.008 6.004 6.050 5.990 0.993
VO15 5.99 6.001 6.004 6.049 6.008 6.004 6.049 5.990 0.972
V017 4.98 4.983 4.985 4.985 4.992 4.989 4.992 4.980 0.242
V019 4.999 4.98 4.983 4.985 4.984 4.992 4.989 4.992 4.980 0.242
VOR 9.990 9.99 10.047 10.035 10.050 10.045 10.037 10.050 9.990 0.593
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SERIAL $0. 12183 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT

=:NS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.870 1.8781 1.8782 1.8779 1.8782 1.8781 1.8782 1.8779 0.02

2-1 540.0 544.3 544.3 544.23 544.13 544.13 544.30 544.13 0.03

1-30 265.0 267.7 267.7 267.60 267.55 267.64 267.70 267.55 0.06

3C-26 46.4 47.6 47.6 47.441 47.357 47.469 47.600 47.357 0.51

7-8 149.0 148.8 148.9 148.74 148.75 148.71 148.90 148.71 0.13

28-27 1.760 1.7772 1.7772 1.7772 1.7771 1.7771 1.7772 1.7771 0.01

17-28 12.500 12.522 12.522 12.522 12,523 12.524 12.524 12.522 0.02

18-19 6.460 6.501 6.501 6.5023 6.5049 6.5023 6.5049 6.5010 0.06

19-20 3.000 3.013 3.013 3.0136 3.0135 3.0135 3.0136 3.0130 0.02

20-21 500.0 498.6 498.7 498.61 498.56 498.60 498.70 498.56 0.03

21/22 490.0 493.8 493.9 493.82 494.46 493.88 494.46 493.80 0.13

24/21 2.500 2.509 2.509 2.5092 2.5091 2.5093 2.5093 2.5090 0.01

24/23 3,600 3.652 3.653 3.6531 3.6531 3.6533 3.6533 3.6520 0.04

16/25 1.180 1.1928 1.1930 1.1928 1.1924 1.1927 1.1930 1.1924 0.05

3/24 200.0 199.9 199.9 199.77 199.72 199.77 199.90 199.72 0.09

SERIAL NO. 11650 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT

PINS SCREEN BTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.875 1.8779 1.8780 1.8778 1.8876 1.8777 1.8876 1.8777 0.52

2-1 540.0 546.8 546.8 546.69 546.68 546.73 546.80 540.00 1.24()

1-30 268.8 270.6 270.8 270.53 270.64 270.56 270.80 268.80 0.74

30-26 47.0 47.6 47.7 47.441 47,361 47.460 47.700 47.000 1.47 5

7-8 150.0 148.9 149.0 148.78 149.82 148.78 149.82 148.78 0.69

28-27 1.750 1.7731 1.7732 1.7729 1.7735 1.7728 1.7735 1.7500 1.33 (5)

17-18 12.400 12.494 12.494 12.494 12.494 12.495 12.495 12.400 0.76

18-19 6.457 6.499 6.500 6.5002 6.5000 6.5002 6.5002 6.4570 0.66

19-20 3.000 3.003 3.003 3.0035 3.0034 3.0034 3.0035 3.0000 0.12

20-21 494.4 497.7 497.9 497.65 498.26 497.66 498.26 494.40 0.77

21/22 488.8 492.6 492.7 492.56 492.76 492.61 492.76 488.80 0.80

24/21 2.500 2.505 2.505 2.5052 2.5051 2.5053 2.5053 2.5000 0.21

24.123 3.681 3.648 3.648 3.6489 3 6485 3.6488 3.6489 3.6480 0.02

16125 1.128 1.1893 1.1893 1.1894 1.1893 1.1893 1.1894 1.1280 5.16

3/24 198.0 199.4 199.4 199.26 199.37 199.26 199.40 198.00 0.70

nOTES: 5. Initial measurements performed usinS curve tracer. Resulted in large Z delta.
Later measurements all stable

SERIAL NO. 12034 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT

PINS SCREEN BTRB BAKE BURN-IN BURN-IN 6 MAXDMO MINIMUM DELTA

4-2 1.860 1.8774 1.8773 1.8772 1.8772 1.8770 1.8774 1.8770 0.02

2-1 540.0 544.3 544.2 544,21 544.13 544.22 544.30 54!.13 0.03

1-30 266.6 267.7 267.6 267.56 267.47 267.54 267.70 267.47 0.09

30-26 47.0 47.7 47.5 47.510 47.690 47.553 47.700 47.500 0.42

7-8 146.3 148.7 148.6 148.58 148.56 148.60 148.70 148.56 0.09

28-27 1,760 1.7824 1.7822 1.7823 1.7828 1.7822 1.7828 1.7822 0.03

17-18 12.420 12.475 12.475 12.474 12.475 12.476 12.4760 12.4740 0.02

18-19 6.442 6.483 6.483 6.4837 6.4836 6.4837 6.4837 6.4830 0.01

19-20 3.000 3.010 3.009 3.0102 3.0104 3.0102 3.0104 3.0090 0.05

20-21 494.4 497.5 497.5 497.45 497.50 497.47 497.50 497.45 0.01

21/22 491.1 495.1 495.0 494.94 495.78 495.00 495.78 494.94 0.17

24/21 2,488 2.504 2.504 2.5040 2.5042 2.5053 2.5053 2.5040 0.05

24/23 3.625 3.661 3.662 3.6619 3.6620 3.6622 3.6622 3.6610 0.03

16/25 1.187 1,1963 1.1963 1.1961 1.1960 1.1962 1.1963 1.1960 0.03

3/24 198.0 200.6 200.5 200.46 200.42 200.47 200.60 200.42 0.09
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SERIAL NO. 11789 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.860 1.8772 1.8774 1.8772 1,8772 1.8771 1.8774 1.8771 0.02
2-1 543.3 544.1 544.1 544.11 544.05 544.09 544.11 544.05 0.01
1-30 265.5 267.3 267.3 267.27 267.25 267.28 267.30 267.25 0.02
30-26 47.1 47.6 47.6 47.501 47.551 47,497 47.600 47.497 0.22
7-8 147.5 148.9 148.9 148.74 148.84 148.74 148.90 148.74 0.11
28-27 1.766 1.7788 1.7788 1.7786 1.7785 1.7784 1.7788 1.7784 0.02
17-18 12.450 12.467 12.467 12.466 12.468 12.467 12.468 12.466 0.02
18-19 6.428 6.486 6.486 6.4865 6.4866 6.4861 6.4866 6.4860 0.01
19-20 2.987 2.999 3.000 2.9997 2.9996 2.9994 3.0000 2.9990 0.03
20-21 493.7 497.1 497.2 497.05 496.97 497.04 497.20 496.97 0.05
21/22 491.0 494.7 494.7 494.63 494.59 494.65 494.70 494.59 0.02
24/21 2.494 2.502 2.502 2.5020 2.5020 2.5021 2.5021 2.5020 0.00
24/23 3.625 3.656 3.656 3.6568 3.6573 3.6568 3.6573 3.6560 0.04
16/25 1.187 1.1946 1.1947 1.1945 1.1943 1.1944 1.1947 1.1943 0.03
3/24 198.0 200.4 200.5 200.31 zoo.2z 200.30 200.50 200.22 0.14

SERIAL NO. 11861 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN HTRB BAIM BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.860 1.8811 1.8800 1.8809 1.8808 1.8811 1.8811 1.8800 0.06
2-1 543.3 544.9 544.8 544.80 544.90 544.81 544.90 544.80 0.02
1-30 266.1 267.6 267.6 267.56 267.53 267.56 267.60 267.53 0.03
30-26 47.4 47.8 47.7 47.630 47.700 47.630 47.800 47.630 0.36
7-8 147.3 148.9 148.9 148.77 148.80 148.76 148.90 148.76 0.09
28-27 1.772 1.7829 1.7830 1.7826 1.7832 1.7827 1.7832 1.7826 0.03
17-18 12.500 12.538 12.538 12.538 12.539 12.539 12.539 12.538 0.01
18-19 6.457 6.511 6.511 6.5117 6.5116 6.5117 6.5117 6.5110 0.01
19-20 3.000 3.021 3.021 3.0215 3.0214 3.0z1. 3.0215 3.0210 0.02
20-21 495.5 499.4 499.6 499.38 499.39 499.36 499.60 499.36 0.05
21/22 492.2 495.3 495.0 495.27 497.18 495.28 497.18 495.00 0.44
24/21 2.500 2.514 2.514 2.5147 2.5153 2.5150 2.5153 2.5140 0.05
24/23 3.625 3.663 3.663 3.6635 3.6644 3.6636 3.6644 3.6630 0.04
16/25 1.1925 1.1974 1.1976 1.1975 1.1977 1.1974 1.1977 1.1974 0.03
3/24 200.0 201.1 201.1 201.04 201.66 201.06 201.66 201.04 0.31

SERIAL NO. 11836 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN WIRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.861 1.8780 1.8780 1.8780 1.8778 1.8786 1.8786 1.8778 0.04
2-1 543.3 544.9 544.8 544.90 544.80 544.85 544.90 544.80 0.02
1-30 266.6 267.6 267.5 267.50 267.50 267.50 267.60 267.50 0.04
30-26 47.2 47.6 47.7 47.600 47.500 47.540 47.700 47.500 0.42
7-8 147.3 148.6 148.6 148.53 148.45 148.46 148.60 148.45 0.10
28-27 1.760 1.7823 1.7825 1.7823 1.7829 1.7823 1.7829 1.7823 0.03
17-18 12.500 12.516 12.516 12.516 12.517 12.517 12.517 12.516 0.01
18-19 6.442 6.503 6.504 6.5044 6.5043 6.5055 6.5055 6.5030 0.04
19-20 2.994 3.007 3.008 3.0070 3.0080 3.0080 3.0080 3.0070 0.03
20-21 495.5 498.4 498.4 498.40 498.40 498.38 498.40 498.38 0.00
21/22 491.1 495.0 495.0 494.97 494.93 495.00 495.00 494.93 0.01
24/21 2.500 2.510 2.510 2.5106 2,5107 2.5108 2.5108 2.5100 0.03
24/23 3.610 3.656 3.656 3.6569 3.6567 3.6573 3.6573 3.6560 0.04
16/25 1.187 1.196 1.196 1.1959 1.1957 1.1956 1.1960 1.1956 0.03
3/24 200.0 200.5 200.5 200.37 200.31 200.40 200.50 200.31 0.09
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SERIAL NO. 08355 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN SIRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8810 1.8811 1.8812 1.8881 1.8810 1.8815 1.8881 1.8810 0.38
2-i 545.30 545.30 545.40 545.30 545.37 545.39 545.40 545.30 0-02
1-30 267.80 267.90 267.90 267.80 267.80 267.85 267.90 267.80 0.04
30-26 47.500 47.600 47.700 47.500 47.495 47.508 47.700 47.495 0.43
7-8 148.9 149.0 149.1 148.96 148.97 148.98 149.10 148.90 0.13
28-27 1.7817 1.7818 1.782 1.7817 1.7816 i.7817 1.7820 1.7816 0.02
17-18 12.511 12.512 12.512 12.511 12.512 12.512 12.512 12.511 0.01
18-19 6.505 6.506 6.506 8.5064 6.5062 5.5064 6.5064 6.5050 0.02
19-20 2.998 2.998 2.998 2.9984 2.9981 2.9986 2.9986 2.9980 0.02
20-21 502.1 502.1 502.1 502.05 502.04 502.06 502.10 502.04 0.01
21/22 494.7 494.7 494.8 494.72 494.18 494.18 494.80 494.18 0.13
24/21 2.507 2.507 2.507 2.5073 2.5071 2.5072 2.5073 2.5070 0.01
24/23 3.658 3.658 3.658 3.6582 3.6578 3.6577 3.6582 3.6577 0.01
16/25 1.1959 1.1958 1.1961 1.1960 1.1960 1.1956 1.1961 1.1956 0.04
3/24 200.6 200.6 200.8 200.61 200.58 200.62 200.80 200.58 0.11

SERIAL NO. 00480 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN BIRD BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8825 1.8826 1.8828 1.8825 1.8825 1.8827 1.8828 1.8825 0.02
2-1 546.6 546.6 546.8 546.63 546.64 546.66 546.80 546.60 0.04
1-30 267.9 267.9 268.1 267.89 267.89 267.91 268.10 267.89 0.08
30-26 47.5 47.6 47.7 47.421 47.503 47.517 47.700 47.421 0.58
7-8 148.9 148.8 149.0 148.76 148.77 148.77 149.00 148.76 0.16
28-27 1.7879 1.7879 1.7882 1.7879 1.7879 1.7880 1.7882 1.7879 0.02
17-18 12.637 12.639 12.639 12.539 12.540 12.640 12.640 12.637 0.02
18-19 6.502 5.503 6.503 6.5037 6.5035 6.5040 6.5040 6.5020 0.03
19-20 3.035 3.036 3.036 3.0361 3.0360 3.0364 3.0364 3.0350 0.05
20-21 506.3 506.3 506.5 506.34 506.34 506.36 506.50 506.30 0.04
21/22 496.0 496.1 496.3 496.09 495.59 495.59 496.30 495.59 0.14
24/21 2.509 2.509 2.510 2.5101 2.5098 2.5101 2.5101 2.5090 0.04
24123 3.683 3.683 3.683 3.6838 3.6836 3.6836 3.6838 3.6830 0.02
16/25 1.2025 1.2027 1.2029 1.2026 1.2026 1.2026 1.2029 1.2025 0.03
3/24 199.4 199.9 200.2 199.96 200.00 200.16 200.20 199.40 0.40

SERIAL NO. 08748 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN ETRE BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8768 1.8768 1.8772 1.8767 1.8767 1.8769 1.8772 1.8767 0.03
2-1 545.1 545.1 545.3 545.11 545.15 545.18 545.30 545.10 0.04
1-30 267.8 267.8 268.0 267.79 267.80 267.83 268.00 267.79 0.08
30-26 47.6 47.6 48.0 47.543 47.544 47.566 48.000 47.543 0.95
7-8 148.9 148.8 149.0 148.83 148.84 148.98 149.00 148.80 0.13
28-27 1.7824 1.7826 1.7829 1.7824 1.7824 1.7826 1.7829 1.7824 0.03
17-18 12.544 12.545 12.546 12.545 12.546 12.545 12.546 12.544 0.02
18-19 6.498 6.498 6.498 6.4987 6.4985 6.4992 6.4992 6.4980 0.02
19-20 3.023 3.023 3.023 3.0234 3.0233 3.0235 3.0235 3.0230 0.02
20-21 503.4 503.4 503.5 503.42 503.44 503.44 503.50 503.40 0.02
21/22 495.6 495.5 495.8 495.60 494.81 494.80 495.80 494.80 0.20
24/21 2.578 2.578 2.578 2.5783 2.5781 2.5780 2.5783 2.5780 0.01
24/23 3.662 3.662 3.663 3.6627 3.6623 3.6622 3.6630 3.6620. 0.03
16/25 1.2043 1.2044 1.2048 1.2044 1.2045 1.2046 1.2048 1.2043 0.04
3/24 200.4 200.4 200.6 200.39 200.35 200 46 200.60 200.35 0.12
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SERIAL NO. 08929 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMYM MINIMUM DELTA

4-2 1.8794 1.8793 1.8799 1.8794 1.8795 1.8795 1.8799 1.8793 0.03
2-1 544.9 544.9 545.4 544.95 544.98 545.02 545.40 544.90 0.09
1-30 267.9 268.0 268.2 267.95 267.98 268.03 268.20 267.90 0.11
30-26 47.7 47.7 48.0 47.601 47.629 47.652 48.000 47.601 0.83
7-8 148.7 148.7 149.1 148.67 148.70 148.72 149.10 148.67 0.29
28-27 1.7831 1.7832 1.7839 1.7834 1.7832 1.7834 1.7839 1.7831 0.04
17-18 12.509 12.509 12.510 12.509 12.510 12.511 12.511 12.509 0.02
18-19 6.501 6.502 6.503 6.5027 6.5024 6.5029 6.5030 6.5010 0.03
19-20 3.010 3.011 3.011 3.0113 3.0112 3.0115 3.0115 3.0100 0.05
20-21 504.7 504.8 505.2 504.81 504.81 504.85 505.20 504.70 0.10
21/22 495.4 494 4 495.7 495.47 494.82 494.83 495.70 494.40 0.26
24121 2.498 2.&98 2.499 2.4989 2.4986 2.4986 2.4990 2.4980 0.04
24/23 3.667 3.667 3.668 3.6675 3.6670 3.6670 3.6680 3.6670 0.03
16/25 1.1973 1.1973 1.1979 1.1974 1.1974 1.1976 1.1979 1.1973 0.05
3/24 200.9 201.0 201.3 200.94 200.93 201.04 201.30 200.90 0.20

SERIAL NO. 08589 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN Hm BAKE BURN-IN BURN-IN 6 MAXIMM MINIMUM DELTA

4-2 1.8800 1.8799 1.8803 1.8799 1.8800 1.8800 1.8803 1.8799 0.02
2-1 545.2 545.3 545.6 545.28 545.31 545.34 545.60 545.20 0.07
1-30 268.1 268.1 268.5 268.04 268.08 268.11 268.50 268.04 0.17
30-26 47.5 47.5 47.7 67.445 47.470 47.486 47.700 47.445 0.53
7-8 148.7 148.7 149.1 148.71 148.75 148.76 149.10 148.70 0.27
28-27 1.7800 1.7799 1.7803 1.7798 1.7796 1.7801 1.7803 1.7796 0.04
17-18 12.517 12.518 12.519 12.518 12.518 12.519 12.519 12.517 0.02
18-19 6.497 6.498 6.498 6.4982 6.4980 6.4984 6.4984 6.4970 0.02
19-20 3.005 3.005 3.006 3.0056 3.0056 3.0059 3.0060 3.0050 0.03
20-21 502.1 502.2 502.6 502.15 502.14 502.18 502.60 502.10 0.10
21/22 494.5 494.5 494.9 494.50 493.94 493.96 494.90 493.94 0.19
24/21 2.499 2.499 2.499 2.4995 2.4993 2.4996 2.4996 2.4990 0.02
24/23 3.655 3.656 3.656 3.6560 3.6555 3.6557 3.6560 3.6550 0.03
16/25 1.2061 1.2061 1.2066 1.2061 1.2061 1.2063 1.2066 1.2061 0.04
3/24 200.4 200.5 200.7 200.41 200.61 200.51 200.70 200.40 0.15

SERIAL NO. 08872 RESISTAMCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN mTRB BAKE BU-N BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8812 1.8813 1.8818 1.8812 1.8812 1.8812 1.8818 1.8812 0.03
2-1 545.5 545.6 545.9 545.53 545.55 545.58 545.90 545.50 0.07
1-30 268.1 268.2 268.5 268.11 268.15 268.18 268.50 268.10 0.15
30-26 48.3 48.3 48.8 48.197 48.220 48.242 48.800 48.197 1.24
7-8 148.8 148.9 149.4 148.81 148.84 148.85 149.40 148.80 0.40
28-27 1.7852 1.7853 1.7858 1.7851 1.7885 1.7853 1.7885 1.7851 0.19
17-18 12.521 12.521 12.522 12.520 12.521 12.522 12.522 12.520 0.02
18-19 6.508 6.508 6.509 6.5090 6.5089 6.5092 6.5092 6.5080 0.02
19-20 3.006 3.006 3.007 3.0069 3.0064 3.0069 3.0070 3.0060 0.03
20-21 504.8 504.8 505.2 504.82 504.82 504.85 505.20 504.80 0.08
21/22 495.8 495.9 496.2 495.82 495.28 495.32 496.20 495.28 0.19
24/21 2.506 2.506 2.507 2.5064 2.5061 2.5063 2.5070 2.5060 0.04
24/23 3.675 3.675 3.675 3.6755 3.6753 3.6755 3.6755 3.6750 0.01
16/25 1.1996 1.1996 1.2001 1.1996 1.1997 1.1997 1.2001 1.1996 0.04
3/24 202.5 202.6 203.0 202.51 202.49 202.62 203.00 202.49 0.25
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SERIAL NO. 08584 RESISTANCES

INITIAL POST POST PRE- POST S7EM PERCENT

PINS SCREEN BTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8771 1.8772 1.8779 1.8770 1.8770 18771 1.8779 1.8770 0.05

2-1 545.0000 545.1000 545.6000 545.00 545.02 545.0d 545.60 545.00 0.11

1-30 269.0000 269.0000 269.6000 268.94 268.98 269.02 269.60 268.94 0.24

30-26 47.7000 47.7000 48.2000 47.596 47.621 47.643 48.200 47.596 1.25

7-8 148.8000 148.8000 149.3000 148.74 148.77 148.79 149.30 148.74 0.38
28-27 1.7846 1.7847 1.7851 1.7845 1.7843 1.7647 1.7851 1.7843 0.04

17-18 12.5320 12.5330 12.5340 12.533 12.534 12.534 12.534 12.532 0.02
18-19 6.4920 6.4920 6.4930 6.4933 6.4931 6.4936 6.4936 6.4920 0.02
19-20 3.009 3.0090 3.0100 3.0100 3.0100 3.0104 3.0104 3.0090 0.05
20-21 502.0000 502.1000 502.4000 502.07 502.13 502.18 502.40 502.00 1.08
21/22 495.5000 495.6000 495.9000 495.53 494.62 494.65 495.90 494.62 0.26
24/21 2.5660 2.5660 2.5670 2.5666 2.5663 2.5665 2.5670 2.5660 0.04
24/23 3.6640 3.6650 3.6650 3.6650 3.6646 3.6647 3.6650 3.6640 0.03
16/.5 1.1982 1.1983 1.1986 1.1982 1.1983 1.1983 1.1986 1.1982 0.03

3/24 201.1 201.1 201.3 201.09 201.07 201.16 201.30 201.07 0.11

SERIAL NO. 07941 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN BTRB BAKE BURN-IN BURN-IN 6 MAXIMUM INIMUM DELTA

4-2 1.9119 1.9121 1.9122 1.9119 1.9120 1.9120 1.9122 1.9119 0.02
2-1 553.2 553.3 553.6 553.26 553.26 553.32 553.60 553.20 0.07
1-30 271.8 271.9 272.1 271.78 271.83 271.85 272.10 271.78 0.12
30-26 47.5 47.6 47.6 47.408 47.438 47.457 47.600 47.408 0.40
7-8 153.1 153.2 153.4 153.08 153.12 153.15 153.40 153.08 0.21
28-27 1.7786 1.7786 1.7790 1.7784 1.7783 1.7787 1.779U 1.7783 0.04
11-18 12.457 12.457 12.457 12.456 12.457 12.458 12.458 12.456 0.02
18-19 6,492 6.492 6.492 6.4922 6.4920 6.4933 6.4933 6.4920 0.02
19-20 300.300 3.003 3.003 3.0032 3.0031 3.0035 3.0030 3.0030 0.00
20-21 501.2 501.2 501.6 501.22 501.24 501.26 501.60 501 20 0.08
21/22 493.9 493.9 494.1 493.88 493.35 493.41 494.10 493.35 0.15
24/21 2.491 2.491 2.491 2.4912 2.4910 2.4912 2.4912 2.4910 0.01
24/23 3.653 3.653 3.654 3.6538 3.6536 ?.6537 3.6540 3.6530 0.03
16/25 1.1941 1.1942 1.1944 1.1940 1.1942 1.1942 1.1944 1.1940 0.03
3/24 200.1 200.2 200.4 200.09 200.09 200.19 200.40 200.09 0.15

SERIAL NO. 08290 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8896 1.8900 1.8901 1.8897 1.8897 1.8898 1.8901 1.8896 0.03
2-1 544.9 545.0 545.2 544.91 544.93 544.97 545.20 544.90 0.06
1-11 267.8 267.9 268.1 267.80 267.81 267.86 268.10 267.80 0.11
3C-26 47.5 47.5 47.6 47.332 47.357 47.374 47.600 47.332 0.56
7-8 X)O.X XXX.X XXX.X XXX.XX XXX.XX XXX.XX 0.00 0.00 #DIV/O!
28-27 1.7799 1.7799 1.7802 1.7787 1.7797 1.7801 1.7802 1.7787 0.08

17-18 12.565 12.566 1-.566 12.565 12.566 12.566 12.566 12.565 0.01
1_-13 6.505 6.505 6.505 6.5052 6.5051 6.5055 6.5055 6.5050 0.01
I11-20 3.019 3.020 3 020 3.0202 3.0202 3.0206 3.0206 3.0190 0.05
20-21 505.8 505.8 506.0 505.79 505.78 505.80 506.00 505.78 0.04
21122 494.4 494.4 494.6 494.34 493.8r 493.91 494.60 493.89 0.14
24/21 2.513 2.513 2.513 2.5130 2.5128 2.5132 2.5132 2.5128 0.02
24/23 3 657 3.657 3.657 3.6566 3 6566 3 6565 3.6570 3.6566 0.01
li25 1.2080 1.2081 1.2082 1.2081 1,2081 1 2061 1.2082 1.2080 0.02
2/24 200.2 200 2 200.3 200.12 200.11 200.2C 200.30 200.11 0.09
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SERIAL NO. 08388 RESISTANCES

INITIAL POST POST PRE- POST STEP PERCENT
PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

4-2 1.8803 1.8804 1 8804 1.8801 1.8801 1.8803 1.8804 1.8801 0 02
2-1 544.8 544.9 545.0 544.81 544.85 544.87 545.00 544.80 0.04
1-30 268.0 268.2 268.2 267.97 268.04 268.04 268.20 267.97 0.09
30-26 47.6 47.7 47.7 47.485 47.513 47.535 47.700 47.485 0.45
7-8 148.8 148.9 149.0 148.75 148.79 148.78 149.00 148.75 0.17
28-27 1.7782 1.7782 1.7783 1.7779 1.7778 1.7782 1.7783 1.7778 0 03
17-18 12.539 12.539 12.539 12.538 12.539 12.540 12.540 12.538 0.02
18-19 6.513 6.512 6.513 6.5128 6.5172 6.5126 6.5172 6.5120 0.08
19-20 3.011 3.011 3.011 3.0115 3.0115 3.0118 3.0118 3.0110 0.03
20-21 502.5 502.6 502.7 502.50 502.53 502.53 502.70 502.50 0.04
21/22 494.7 494.8 494,9 494.68 494.25 494.29 494.90 494.25 0.13
24/21 2.507 2.507 2.507 2.5071 2.5070 2.5071 2.5071 2.5070 0.00
24/23 3.652 3.652 3.652 3.6519 3.6516 3.6515 3.6520 3.6515 0.01
16125 1.1960 1.1962 1.1982 1.1959 1.1961 1.1960 1.1962 1.1959 0.03
3/24 200.3 200.5 200.6 200.30 200.30 200.41 200.60 200.30 0.15
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SERIAL NO. 12183 LEAKAGE CURRENTS

INITIAL POST POST PRE- =POST STEP
PINS SCREEN HThB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 1.01-09 4.01-10 4.01-10 3.OE-10 3.01-10 2.01-10 1.0--0 201E-10 801E-10

4-5 6.01-09 6.21-09 7.01-09 5.4E-09 7.21-09 6.7E-09 7.21_-C9 6.2E-09 l.Ot-OS
28-6 5.5E-09 6.01-09 6.9E-09 6.01-09 7.8E-09 5.3E-09 7.8E-09 6.OE-09 1.8E-09

28-29 0.01+00 0.01+00 0.01+00 0.OE+00 0.0E+00 0.01+00 0.01+00 0.01+00 O.OE+00
14-10 2.11-03 9.2E-05 6.1E-05 1.4E-04 6.5E-05 4.9E-05 2.1E-03 4.9E-05 2.1E-03
10-7 1.01-10 2.01-10 0.01+00 3.OE-10 2.OE-10 2.01-10 3.OE-10 0.OE+0O 3 '11-10
14-7 1.51-05 5.01-07 3.9E-07 9.9E-07 5.5E-07 4.01-07 1.5E-05 3.9E-07 1.5E-05

4-7 8.21-07 '.01-0B 4.4E-08 4.01-08 5.4E-08 4.01-08 8.2E-07 4.OE-08 7.8E-07
4-12 3.11-09 1.01-10 0.01+00 1.0E-10 0.01+00 1.01-10 3.1E-09 0.01+00 3.1E-09
12-7 1.4E-05 1.4E-05 1.5E-05 1.3E-05 1.7E-05 8.2E-06 1.7E-05 8.2E-06 8.3E-06

SERIAL NO. 11650 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP
PINS SCREEN BTR8 BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 1.01-09 5.01-10 5.01-10 5.01-10 3.01-10 2.01-10 1.01-09 2.01-10 8.01-10
4-5 7.01-09 7.5E-09 8.3E-09 7.51-09 1.01-08 7.8E-09 1.01-08 7.5E-09 2.5E-09
28-6 6.2E-09 6.5E-09 7.4E-09 6.6Z-09 8.6E-09 6.9E-09 8,6E-09 6.5E-09 2.11-09
28-29 0.OE+00 0.01+00 0.0z+00 1.OE-10 0.OE+00 1.01-10 1.01-10 0.OE+00 1.01-10
14-10 1.81-06 9.21-07 1.2E-06 1.11-06 1.41-06 1.11-06 1.8E-06 9.2E-07 8.8E-07
10-7 1.01-10 3.01-10 1.01-10 4.01.-tO 2.01-l0 2.01-10 4.011 10-10 3.0E-10
14-7 3.1E-08 2.4E-08 2.7E-08 2.4E-08 4.01-08 2.4E-08 4.0E-08 2.4E-08 1.6E-08
4-7 2.01-08 6.01-10 5.01-10 4.01-10 4.01-10 4.01-10 2.01-08 4.01-10 2.01-08
4-12 1.01-09 8.01-10 5.0E-10 1.01-09 8.0E-10 I.01-09 1.01-09 5.01-10 5.01-10
12-7 3.21-08 8.01-09 1.01-09 9.8E-09 2.21-08 8.11-09 3.2E-08 1.01-09 3.11-08

SERIAL NO. 12034 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP
,.INS SCREEN HTRB BAKE BURN-IN B1MW-IN 6 MAXIMUM MINIMUM DELTA

.b-24 8.01-10 6.01-10 5.01-10 4.OE-10 3.01-10 2.OE-10 8.01-10 2.01-10 6.01-10
4-5 6.3E-09 6.91-09 7.5E-09 6.91-09 7.01-09 7.01-09 7.51-09 6.91-09 6.01-10
28-6 7.01-09 8.4E-09 8.5E-09 7.6E-09 8.9E-09 7.9E-09 8.9E-09 7.6E-09 1.3E-09
28-29 0.01+00 0.01+00 001E+00 0.01+00 0.01+00 0.01+00 0.01+00 0.01+00 0.01+00
14-10 1.61-06 4.01-08 1.41-06 1.2E-06 1.91-06 1.4E-06 1.91-06 4.01-08 1.8E-06
10-7 1.01-10 1.7E-08 1.OF.-10 4.01-10 2.01-10 2.01-10 1.71-08 1.01-10 1.71-08
14-7 2.71-08 2.41-08 2.31-08 2.21-08 3.51-08 2.31-08 3.51-08 2.ZE-08 1.31-08

-71.81 08 6.01-10 5.01-10 9.01-10 6.01-10 4.01-10 1.81-08 4.01-10 1.81-08
4-12 2.01-09 1.11-09 1.5E-09 1.9E-09 1 61-09 1.91-09 2.01-09 1.11-09 9.01-10
12-7 2.6E-08 7.51-09 7.51-09 7.01-09 1.5E-08 6.81-09 2.61-08 6.81-09 1.91-08
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SERIAL NO. 11789 LZAXAGE CURRENTS

INITIAL POST POST PRE- POST STEP
PINS SCREEN OIRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 8.01-10 6.OE-10 5.01-10 4.01-10 8.01-10 2.0t-10 8.01-10 2.01-10 6.01-10

4-5 5.01-09 6.09-09 6.1E-09 6.2E-09 6.01-09 6.01-09 6.2E-09 6.OE-09 2.01-10

28-6 6.5E-09 7.51-09 7.5E-09 7.6E-09 8.3E-09 7.4E-09 8.3E-09 7.4E-09 9.01-10

28-29 0.OE+00 O.OE+00 3.01+00 1.01-10 0.01+00 0.01+00 1.OE-10 0.OE+00 1.CE-10

14-10 8.5E-06 2.1E-06 2.4E-06 2.31-06 3.5E-06 2.2E-06 8.5E-06 2.1E-06 6.4E-06

10-7 1.01-10 1.01-10 1.OE-10 2.01-10 2.OE-10 2.01-10 2.01-10 1iCE-10 1.01-10

14-7 5.4E-08 2.4E-08 2.4E-08 2.3E-08 3.8E-08 2.3E-08 5.4E-08 2.3E-08 3.1E-08

4-7 1.81-08 5.OE-10 4.01--10 5.01-10 8.OE-09 3.01-10 1.8E-08 3.01-10 1.81-08

4-12 1.01-10 0.01+00 0.OE+00 1.01-10 0.01+00 1.OE-10 1.01-10 0.OE+00 1.01-10

12-7 5.27-08 4.2E-08 4.OE-08 4.3E-08 6.51-08 2.2E-08 6.5E-08 2.2E-08 4,3E-08

SERIAL NO. 11861 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP
PINS SCREEN liTR BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 9.01-10 6.01-10 5.OE-10 4.01-10 8.01-10 0.01+00 S.01-10 0.01+00 9.01-10
4-5 7.01-09 7.81-09 8.01-09 8.OE-09 8.2E-09 8.01-09 8.2E-09 7.8E-09 4.01-10

28-6 6.01-09 6.9Z-09 7.01-09 7.01-09 7.2E-09 7.OE-09 7.2E-09 6.9E-09 3.01-10

28-29 1.0E-10 2.OE-10 1.01-10 2.01-10 2.01-10 2.OE-10 2.01-10 1.OE-10 1.01-10

14-10 5,9E-07 4.7E-07 5.01-07 4.8E-07 4.6E-07 4.7E-07 5.9E-07 4.6E-07 1.3E-07

10-7 1.01-10 1.01-10 1.01-10 2.01-10 2.01-10 2.0E-10 2.OE-10 1.01-10 1.OE-10

14-7 2.4E-06 2.11-08 2.2E-08 1.9t-08 2.11-08 2.0E-08 2.4E-08 1.01-08 4.8E-09

4-7 1.7E-08 7.OE-10 1.01-09 5.01-10 1.01-09 5.01-10 1.7E-08 5.OE-10 1.7E-08

4-12 2.5E-09 2.2E-09 2.0t-09 2.01-09 2.01-09 2.2E-09 2.5E-09 2.01-09 5.OE-10

12-7 2.4E-08 6.8E-09 6.9E-09 5.9E-09 6.3E-09 6.11-09 2.4E-08 5.9E-09 1.8E-08

SERIAL NO. 11836 LEAKA.GE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN liTR BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 7.01-10 4.01-10 4.01-10 4.OE-10 8.01-10 0.01+00 8.OE-10 0.019-00 8.01-10
4-5 4.8E-09 5.3E-09 5.6t-09 5.81-09 5.11-09 5.61-09 5.81-09 5.11-09 7.OE-10

28-6 5.21-09 6.01-09 6.4E-09 6.2E-09 6.OE-09 6.4E-09 6.4E-09 6.01-09 4.01-10

28-29 0.OE+00 0.01+00 0.01+00 0.01+00 0.01+00 0.01400 0.01*00 0.01400 0.01+00

14-10 8.21-06 1.6E-06 1.7E-06 1.6E-06 1.4E-06 1.6E-09 8.21-06 1.6E-09 S.21-06

10-7 1.01-10 0.01+00 0.OE+00 2.01-10 2.01-10 1.01-10 2.01-10 0.01400 2.OE-10

14-7 1.OE-07 3.2E-08 3.3E-08 3.21-08 3.01-08 3.1E-08 1.OE-07 3.OE-08 7.2E-08

4-7 2.6E-08 8.01-10 4.01-10 6.01-10 8.01-10 6.01-10 2.6E-08 4,01-10 2.6E-08

4-12 1.01-10 0.01+00 0.01+00 0.01+00 1.01-10 1.01-10 101E-10 0.OE+00 1.01-10

12-7 1.01-07 e.51-08 8.71-08 8.51-08 7.01-08 6.8E-08 1.01-07 6.81-08 3.6F-08
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SERIAL NO. 08355 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN BTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 5.OE-10 6.OE-10 6.OE-10 4.OE-10 0.OE+00 1.OE-10 6.OE-10 0.OE+00 6.OE-10

4-5 1.OE-08 1.ZE-08 1.OE-OB 1.1E-08 1.1E-08 1.3E-08 1.3E-08 1.OE-08 2.5E-09

28-6 9.5E-09 1.2E-08 1.OE-08 1.OE-08 1.lE-08 1.2E-08 1.2E-08 9.5E-03 2.7E-09

28-29 O.OE+00 O.OE+00 0.OE+00 O.OE+00 o.OE+00 0.OE+00 0.OE+00 O.OE+00 O.OE+00

14-10 3.OE-08 2.3E-08 2.2E-08 2.2E-08 2.3E-08 2.2E-08 3.OE-08 2.2E-08 8.OE-09

10-7 3.OE-08 8.6E-08 2.7E-08 2.7E-08 2.5E-08 2.5E-08 8.6E-08 2.5E-08 6.IE-08

14-7 3.OE-08 2.AE-08 2.OE-08 2.2,E-08 2.2E-08 2.2E-08 3.OE-08 2.OE-08 I.OE-08

4-7 2.3E-08 5.2E-09 5.OE-O9 5.OE-09 5.2E-09 5.8E-09 2.3E-08 5.0E-09 1.8E-08

4-12 2.OE-09 2.OE-10 3.OE-10 1.OE-10 2.OE-10 2.OE-10 2.OE-09 I.0E-10 1.QE-09

12-7 3.OE-08 2.OE-07 I.9E-07 1.4E-07 3.8E-07 4.SE-07 4.5E-07 3,OE-08 4.2E-07

SERIAL NO. 00480 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PiNS SCREEN ETm BAKE BURN-IN BURN-IN 6 MAXIMUM MINIUM DELTA

26-24 1.3E-09 1.2E-09 1.5E-09 1.3E-09 1,3E-09 I.ZE-09 1.5E-09 1.2E-09 3.OE-10

4-5 1.0E-09 4,0E-10 1.4E-09 1.3E-09 1,21E-09 I.5E-09 1.5E-09 4.OE-10 1.1E-09

28-6 7.0E-09 5.OE-09 7.OE-09 7.2E-08 1,2E-09 8.5E-09 7.2E-08 1.2E-09 7.1E-08

28-29 2.0E-10 0.OE+00 0.oE+00 1.0E-10 0o0E+00 1.OE-10 2.OE-10 0.OE+00 2.OE-10

14-10 8.ZE-06 4.2E-06 4,2E-06 4.3E-06 4,4E-06 4.5E-06 S.2E-06 4.2t-06 4.0E-06

10-7 5.OE-10 2.OE-10 1.oE-10 3.0E-10 2,0E-10 2.0E-10 5.0E-10 1.0E-10 4.0E-10

14-7 3.OE-08 2.6E-08 2.5E-08 2.5E-08 2,6E-08 2.7E-08 3.0E-08 2.5E-08 5.0E-09

4-7 2.5E-08 4.4E-09 4.0E-09 4.4E-09 4,7E-09 4.3E-09 2.5E-08 4.0E-09 2.1.E-08

4-12 2.5E-09 5.0E-10 5.0E-10 4.0E-10 4,0E-10 4.0E-10 2.5E-09 4.0E-10 2.1E-09

-2-7 3.0E-08 1.1E-07 1,4E-07 1.8E-07 4.1E-07 4.5E-07 4.5E-07 3.0E-08 4.2E-07

SERIAL NO. 08748 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMIUM MINIMUM DELTA

zb-z 4.OE-10 4.0E-10 5.0E-10 2.GE-10 0.0E+00 I.OE-10 5.OE-10 0.0E+00 5.0E-10

,-3 6.OE-09 6.5E-09 6.E-09 6.2E-09 6.5E-09 7.0E-09 7.0E-09 6.0E-09 1.0E-09

28-6 8.0E-09 8.2E-09 7.8E-09 8.0E-09 1.1E-08 1.3E-08 1.3E-08 7.8E-09 5.2E-09

26-29 0.OE+00 0.0E+00 O.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00

14-10 1.2E-03 7.1E-04 6.3E-04 9.6E-04 5.OE-04 5.0E-04 1.2E-03 5.0E-04 7.0E-04

19-7 ZOE-lO 2.0E-10 1.0E-10 1.0E-10 1.0E-10 1.0E-10 2.0E-10 i.0E-10 1.05-10

14-7 5.2E-06 3.2E-06 2.9E-06 4.3E-06 2.3E-06 2.3E-06 5.2E-06 2.3E-06 2.9E-06

-1 4.1E-09 6.1E-09 5.5E-09 5.5E-09 6.0E-09 6.0E-09 6.1E-09 4.1E-09 2.0E-09

,-12 3.0E-09 6.0E-10 1.0E-09 1.0E-09 1.1E-09 1.0E-09 3.0E-09 6.OE-10 2.4E-09

-' 5 IE-09 1.4E-0' 1.6f-07 1.6E-07 2.5E-07 2.6E-07 2.6E-07 5.1E-09 2.5f-07
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SERIAL NO. 08929 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN liTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 4.02-09 2.51-09 2.82-09 2.5E-09 9.OE-09 2.5E-09 9.OE-09 2.52-09 6.52-09

4-5 6.02-09 6.OE-09 6.02-09 5.8E-09 6.2E-09 6.5E-09 6.5E-09 5.8E-09 70OE-10

28-6 6.6E-09 6.4E-09 6.4E-09 6.2E-09 6.8E-09 7.2E-09 7.2E-09 6.22-09 iQOE-09

28-29 2.OE-10 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 2.02-10 0.OE+00 2.02-10

14-10 2.81-04 2.8E-06 2.8E-06 2.9E-06 2.8E-06 2.9E-06 2.8E-04 2.8E-06 2.7E-04

10-7 1.2E-09 4.01-10 1.01-10 4.02-10 4.02-10 3.OE-10 1.2E-09 1.02-10 1.1E-09

14-7 1.OE-06 2.6E-08 2.21-08 2.3E-08 2.32-08 2.3E-08 1.02-06 2.2E-08 9.8E-07

4-7 2.5E-08 6.02-09 5.92-09 7.5E-09 5.8E-09 6.8E-09 2,5E-08 5.8E-09 1.92-08

4-12 2.82-09 9.01-10 8.01-10 8.01-10 8.02-10 8.01-iD 2.81-09 8.02-10 2.02-09

12-7 1.02-06 4.8E-08 6.02-07 6.12-07 7.8E-07 8.1E-07 1.02-06 4.82-08 9.5E-07

SERIAL NO. 08589 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP
PINS SCREEN liTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 6.02-10 8.02-10 5.02-10 2.02-10 0.02+00 1.02-10 8.02-10 0.02+00 8.02-10
4-5 8.02-09 8.2E-09 8.0E-09 8.02-09 8.32-09 8.9E-09 8.9E-09 8.02-09 9.02-10

28-6 5.81-09 6.02-09 5.9E-09 6.01-09 1.01-08 1.02-08 1.01-08 5.82-09 4.52-09

28-29 0.02+00 0.02+00 0.02+00 0.OE+00 0.02+00 0.OE+00 0.02+00 0.02+00 0.02+00

14-10 4.6E-06 2.4E-06 2.3E-06 2.32-06 2.3E-06 2.3E-06 4.6E-06 2.32-06 2.42-06
10-7 2.02-10 2.02-10 1.0>2-10 2.0>1-110 2.01-10 2.01-10 2.01-10 1.02-10 1.02-10
14-7 2.82-08 1.7E-08 1.7E-08 1.7E-08 1.7E-08 ..

7
E-0

8  2.8E-08 1.7E-08 1.11-08
4-7 2.02-08 5.2E-09 5.11-09 5.5E-09 6.02-09 5.52-09 2.02-08 5.11-09 1.52-08
4-12 3.01-09 9.02-10 1.02-09 6.OE-10 1.02-09 1.02-09 3.02-09 6.02-10 2.4E-09

12-7 2.82-08 2.11-07 2.3E-07 2.42-07 3.82-07 4.4E-07 4.42-07 2.8E-08 4.11-07

SERIAL NO. 08872 LEAKAGE CURRENTS

INITIAL POST POST PRE_ POST STEP
PINS SCREEN smR BAKCE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 2.02-09 2.21-09 2.02-09 2.02-09 2.21-09 2.4E-09 2.4E-09 2.02-09 4.02-10
4-5 1.4E-09 1.52-09 1.3Z-09 1.21-09 1.4E-09 1.42-09 1.52-09 1.21-09 3.02-10

28-6 1.42-09 1.6E-09 8.02-10 1.3E-09 1.3E-09 1.52-09 1.6E-09 8.02-10 8.02-10

28-29 4.02-10 4.02-10 4.02-10 4.02-10 4.02-10 4.02-10 4.01-10 4.02-10 0.02+00

14-10 1.82-04 2.9E-06 2.7E-06 2.81-06 2.8E-06 2.8E-06 1.82-04 2.7E-06 1.72-04
10-7 2.02-10 1.02-10 2.01-10 2.02-10 2.02-10 2.02-10 2.02-10 1.02-10 1.02-10
14-7 7.02-07 2.4E-08 2.3Z-08 2.3E-08 2.32-08 2.32-08 7.02-07 2.3E-08 6.82-07
4-7 2.52-08 5.42-09 5.01-09 5.01-09 5.2E-09 5.2E-09 2.5E-08 5.02-09 2.02-08
4-12 2.2E-09 2.02-10 4.02-10 2.0E-10 3.02-10 2.02-10 2.22-09 2.02-10 2.02-09
12-7 7.01-07 7.1E-07 6.8E-07 7.9E-07 7.02-07 7.42-07 7.92-07 6.82-07 1.12-01
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SERIAL NO. 08584 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

?lsSCREEN HTRB BAKEn BURN-Im BURN -IN 6 MAXIMUM4 MINIMUM DELTA

26-24 6.01-10 6.0E-10 4.01-10 2.01-10 1,01-10 1.OE-10 6.OE-1O 1.01-10 S.OE-1O

1-5 6.OE-0S 7.2E-09 6.5E-09 6.6E-09 6,6E-09 7.01-09 7.2E-09 6.01-09 1.2E-09

28-6 6.OE-09 7.4E-09 6.51-09 6.7E- - 6,7E-09 6.9E-09 7.4E-09 6.01-09 1.4E-09

28-29 oOE4~oo 0.OE+00 0.01+00 0.01+00 0.01+00 0.01+00 0.01*00 0.01+00 0.01+00

14-10 4.1E-06 3.6E-06 2.5E-06 3.5E-06 2,7E-06 2.7E-06 4.1E-06 2.5E-06 1.6E-06

10-7 2.OE-10 4.01-10 4.OE-10 8.01-10 6.01-10 3.OE-10 S.0E-10 2.01-10 6.OE-10

14-7 6.21-08 5.5E-08 4.2E-08 5.4E-08 4.3E-08 4.3E-08 6.21-08 4.2E-08 2.01-08

4-7 5.2E-08 6.01-09 5.4E-09 5.81-09 5.8E-09 5.8E-09 5.21-OS 5.4E-09 4.7E-08

4-12 1.6E-08 9.OE-10 4.01-10 9.01-10 8.01-10 8.01-10 1.6E-08 4.01-10 1.6E-08

12-7 6.2E-08 1.01-07 1.4E-07 1.4E-07 3,5E-07 4.2E-07 4.2E-07 6.2E-08 3.6E-07

SEIAL NO. 07941 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN BTRB BAKE BURS-IN BURN-IN 6 MAXIMUM MIfnIINJ DELTA

Z6-24 1.OE-09 8.OE-10 1.01-09 1.2E-09 1.01-OS 1.OE-09 1.2E-09 S.OE-10 4.OE-10

4-5 6.01-09 7.01-09 6.8E-09 6.79-09 6.7E-09 7.01-09 7.01-09 6.01-09 1.OE-09

28-6 7.SE-09 8.4E-09 8.01-09 8.2E-09 1.2E-08 8.5E-09 1.2E-08 7.5E-09 4.4E-09

28-29 5.OE-10 4.OE-10 4.OE-10 6.0v--10 6.01-10 4.01-10 fp.OE-1O 4.01-10 2.01-10

14-10 4.4E-06 3.7E-06 3.3E-06 3.4Z-06 3.4E-06 3.3E-06 4.4E-06 3.3E-06 1.11-06

10-7 I.Ot-io 2.01-10 3.01-10 4..-1D 4.0'E-10 1.01-10 4.01-10 1.01-10 3.OE-10

14-7 2.5E-08 2.1E-08 2.21-08 2.]S-08 2.01-08 2.01-08 2.5E-08 2.01-08 5.01-09

4-7 2.1E-08 5.01-09 4.$E-09 5.01-09 5.01-09 5.01-09 2.11-08 4.8E-09 1.6E-08

4-12 2.5E-09 5.OE-10 8.01-10 1.09-09 8.01-10 8.0E-10 2.5E-09 5.01-10 2.01-09

12-7 2.5E-08 7.5E-08 1.01-07 1.81-07 2.8E-07 3.1E-07 3.11-07 2.5E-08 2.9E-07

SERIAL NO. 08290 LEAKAGE CURRENTS

INITIAL POST POST PRE- POST STEP

PINS SCREEN liTRB BAKE BURN-IN BURN-IN 6 MAXII~IU MINUMIJ DELTA

26-24 6.01-10 6.01-10 5.01-10 4.OE-10 0.01+00 0.0E+00 6.01-10 0.01-tOO 6.01-10

4-5 1.01-08 1.21-08 1.11-08 1.11-08 1.11-08 1.1E-08 1.2E-08 1.01-08 2.4E-09
28-6 1.OE-08 1,3E-08 1.1E-08 1.1E-08 1.21-08 1.3E-08 1.3E-08 1.OE-08 2.SE-09

28-29 0.01+00 0.01+00 0.OEoO0 0.01+00 0.OE+00 0.OE+00 0.01+00 0.01+00 0.OE+00

14-10 2.4E-06 2.5E-06 2.2E-06 2.4E-06 2.3E-06 2.31-06 2.5E-06 2.2E-06 3.OE-07
10-7 5.01-10 2.0t-10 3.01-10 3.01-10 2.01-10 1.01-10 5.OE-10 1.OE-10 4.01-10

14-7 2.5E-08 9.21-09 1.9E-08 1.91-08 1.91-08 2.01-08 2.5E-08 9.21-09 1.6E-08
4-7 2.21-08 5.51-09 4.81-09 5.21-09 5.21-09 5.OE-09 2.2E-08 4.81-09 1.7E-08

'-:2 3.2E-09 1.21-09 1.01-09 1.2E-09 1.21-09 1.2E-09 3.21-09 1.01-09 2.21-09

'2-7 2.5E-08 4.61-08 9.OE-OB 9.OE-08 2.31-07 2.7E-07 2.7E-07 2.5t-08 2.5E-07
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SERIAL NO. 08388 'LEAKAGE CURREN4TS

INITIAl, POST POST PR~E- POST STEP
PINS SCREEN HTRB BAKE BURN-IN BURN-IN 6 MAXIMUM MINIMUM DELTA

26-24 SC0E-iC 8.OE-10 4.OE-10 2.OE-10 9.OE-10 tO0E-ca I.CE-0g 2.0E-10 B.OE-10
4-5 6.5E-09 7.1E-09 7.OE-09 6.9E-09 6.9E-09 6.9E-09 7.1E-09 6.SE-09 6.OE-10
28-6 7.4E-09 8.OE-O9 8.QE-09 7.8E-og 1.1E-08 1.E-08 1.2E-08 7.4E-09 4.4E-09
28-29 0.OE+OO 0.OE+OO O.OE+OO 0.OE+00 O.OE+OO 0.OE+co 0.OE+00 0.05+00 0asE+oa
14-10 3.1E-06 2.4E-06 2.3E-06 2.3E-06 2.3E-06 2.25-06 3.1E-06 2.2E-06 9.05-07
10-7 1.0E-10 2.OE-10 3.05-10 3.05-10 1.05-10 1.05-10 3.05-10 1.05-10 2.05-10
14-7 2.8E-08 7.1E-09 1.9E-08 1.95-08 1.95-08 1.9E-08 2.8E-08 7.15-09 2,1E-08
4-7 2.1E-08 1.65-09 5.25-09 5.65-09 5.6E-09 5.2E-09 2.15-08 1.6E-09 1.9E-08
4-12 3.OE-09 1.05-OS 1.25-09 1.2E-09 1.2E-09 1.2.5-OS 3.05-09 1.05-09 2.05-09
12-7 2.95-08 6.95-08 8.45-08 8.35-08 2.OE-07 2.4E-07 2.4E-07 2.9E-08 215E-07
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VOLTAGE MAXIMUM RANGE TABLE

VOLTAGE 11183 11650 12034 11789 11861 11683 KAXI!-f.y

Vol 50.050 50.045 50.030 50.040 50.040 50.042 50.C5
V03 50.050 50.045 50.030 50.040 50.040 50.042 50.25
V05 25.023 25.035 25.032 25.036 25.025 25.023 25.c35
V07 25.023 25.035 25.032 25.034 25.025 25.023 25.025
VOg 12.030 12.022 12.040 12.033 12.036 12.021 12.040
VOil 12.030 12.022 12.040 12.033 12.036 12.021 12.040
V013 6.021 6.010 6.010 6.010 6.010 6.010 6.021
V015 6.020 6.010 6.010 6.03' 6.010 6.010 6.020V017 5.079 5.020 5.015 5.0 5.014 5.013 5.079
V019 5.071 5.020 5.015 5.024 5.014 5.012 5.071
VOR 10.010 10.020 10.021 10.030 10.000 10.010 10.030

VOLTAGE MINIMUM RANGE TABLE

VOLTAGE 11183 11650 12034 11789 11861 11683 MINI JM

Vol 50.041 50.038 50.019 50.030 50.028 50.030 50.019
V03 50.041 50.038 50.019 50.030 50.028 50.032 50.019
V05 25.020 25.030 25.027 25.030 25.020 25.019 25.019
V07 25.020 25.030 25.027 25.030 25.020 25.019 25.019
V09 12.029 12.019 12.037 12.020 12.030 12.019 12.019
VOll 12.029 12.019 12.037 12.020 12.030 12.018 12.018
V013 6.007 6.002 6.006 6.007 6.006 6.006 6.002
V015 6.007 6.002 6.006 6.007 6.006 6.006 6.002
V017 5.010 5.010 5.010 5.010 5.010 5.010 5.010
V019 5.010 5,010 5.010 5.010 5.010 5.010 5.0i0
VOR 10.006 10.010 10.018 10.020 9.996 10.007 9.996

VOLTAGE PERCENT DELTA RANGE TABLE

VOLTAGE 11183 11650 12034 11789 11861 11683 MAXIMUM

Vol 0.02 0 01 0.02 0.02 0.02 0,02 0.02
V03 0.02 0.01 0.02 0.02 0.02 0.02 0.02
V05 0.01 0.02 0.02 0.02 0.02 0.02 0.02
V07 0.01 0.02 0.02 0.02 0.02 0.02 0.02
V09 0.01 0.02 0.02 0.11 0.05 0.02 0.21v0il 0.01 0 02 0.02 0.11 0.05 0.02 0.11
V013 0.22 0.13 0.07 0.05 0.07 0.07 0.22
V015 0.22 0.13 0.07 0.05 0.07 0.07 0.22
V017 1.36 0.20 0.10 0.28 0.07 0.06 1.36
VOI9 1.20 0.20 0.10 0.28 0.07 0.04 1.20

VOE 0.04 0.10 0.03 0.10 0.04 0.03 0.0
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VOLTAGE MAXIMUM RANGE TABLE

VOLTAGE 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MAXIMUM

Vol 50.940 50.260 50.490 50.920 50.370 50.770 51.650 50.570 50.590 50.740 51.650
V03 50.940 50,260 50.490 50.920 50.370 50.770 51.650 50.570 50.590 50.740 51.650
V05 25.420 25.070 25.200 25.430 25.160 25.340 25.720 25.280 25.220 25.320 25.720
V07 25.420 25.070 25.200 25.430 25.150 25.340 25.720 25.280 25.220 25.310 25.720
Vo 12.141 12.060 12.095 12.150 12.060 12.128 12.292 12.100 12.121 12.108 12.292
Voll 12.140 12.084 12.092 12.150 12.060 12.128 12.291 12.099 12.119 12.108 12.291
V013 6.019 6.006 6.005 6.016 6.009 6.024 6.065 6.006 6.048 6.050 6.065
VOls 6.018 6.006 6.005 6.014 6.009 6.024 6.065 6.006 6.046 6.049 6.065
V017 4.999 5.008 5.001 4.983 4.999 5.030 5.018 4.991 5.101 4.992 5 102
V019 4.999 5.008 5.001 4.983 4.999 5.030 5.018 4.991 5.094 4.992 5.094
V0R 10.091 9.980 10.020 10.076 10.026 10.067 10.185 10.060 10.098 10.050 10.185

VOLTAGE MINIMUM RANGE TABLE

VOLTAGE 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MINIMUM

Vol 50.040 50.185 49.720 49.870 50.090 50.000 50.160 5C.100 50.070 50.210 49.72
V03 50.040 50.185 49.720 49.870 50.090 50.000 50.150 50.100 50.070 50.210 49.72
V05 25.050 25.000 24.855 24.940 25.020 25.000 25.070 25.070 25.000 25.120 24.86
V07 25.050 25.000 24.850 24.940 25.020 25.000 25.080 25.070 25.000 25.120 24.85
V09 11.980 12.040 11.970 11.970 12.010 12.000 12.030 12.020 12.020 12.020 11.97
VOll 11.980 12.040 11.970 11.970 12.010 12.000 12.030 12.020 12.020 12.020 11.97
V013 6.000 6.000 5.980 5.970 6.000 6.000 6.000 5.990 5.990 5.990 5.97
V015 5.980 6.000 5.980 5.970 6.000 6.000 6.000 5.990 5.990 5.990 5.97
V017 4.990 4.990 4.980 4.960 4.990 4.990 4.990 4.980 4.980 4.980 4.96
V019 4.980 4.990 4.980 4.960 4.990 4.990 4.990 4.980 4.980 4.980 4.96
VOR 9.980 9.969 9.950 9.950 9.990 9.970 10.000 10.000 10.017 9.990 9.95

VOLTAGE DELTA RANGE TABLE

VOLTAGE 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MAXIMUM

Vol 1.767 0.149 1.525 2.062 0.556 1.517 2.885 0.929 1.028 1.045 2.885
V03 1.767 0.149 1.525 2.062 0.556 1.517 2.904 0.929 1.028 1.045 2.904
V05 1.456 0.279 1.369 1.927 0.556 1.342 2.527 0.831 0.872 0.790 2.527
V07 1.456 0.279 1.389 1.927 0.517 1.342 2.488 0.831 0.872 0.751 2.488
V09 1.326 F).166 1.033 1.481 0.415 1.055 2.131 0.661 0.833 0.727 2.131
VyO1 1.318 0.364 1.009 1.481 0.415 1.055 2.124 0.653 0.817 0.727 2.124
V013 0.316 0.100 0.416 0.765 0.155 0.390 1.072 0.266 0.961 0.993 1.072
V015 0.631 0.100 0.416 0.732 0.155 0.390 1.072 0.266 0.933 0.972 1.072
V017 0.176 0.363 0. 16 0.460 0.186 0.793 0.558 0.218 2.370 0.242 2.370
Voi 0.376 0.363 0.416 0.460 0.186 0.793 0.558 0.218 2.240 0.242 2.240
VOR 1.100 0.110 0.699 1.250 0.359 0.964 1.816 0.596 0.802 0.593 1.816
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RESISTANCES MAXIMUM RANGE TABLE

PINS 21183 11650 12034 11769 11861 11836 MAXIM:M

4-2 1.8782 1.8876 1.8774 1.8774 1.8811 1.8786 1.88762-1 544.30 546.80 544.30 544.11 544.90 544.90 546.801-30 267.70 270.80 267.70 267.30 267.60 267.60 270.60
30-26 47.600 47.700 47.700 47.600 47.800 47.700 47.8C07-8 148.90 149.82 148.70 148.90 148.90 148.60 149.8228-27 1.7772 1.7735 1.7828 1.7788 1.7832 1.7829 1.783217-18 12.524 12.495 12.476 12.468 12.539 12.517 12.53918-19 6.5049 6.5002 6.4837 6.4666 6.5117 6.5055 6.511719-20 3.0136 3.0035 3.0104 3.0000 3.0215 3.0080 3.0215
20-21 498.70 498.26 497.50 497.20 499.60 498.40 499.6021122 494.46 492.76 495.78 494.70 497.18 495.00 497.18
24/21 2.5093 2.5053 2.5053 2.5021 2.5153 2.5108 2.515324/23 3.6533 3.6489 3.6622 3.6573 3.6644 3.6573 3.664416125 1.1930 1.1894 1.1963 1.1947 1.1977 1.1960 1.19773/24 199.90 199.40 200.60 200.50 201.66 200.50 201.66

RESISTANCES MINIMUM RANGE TABLE

PINS 21183 11650 12034 11789 11861 11836 MINIMUM

4-2 1.8779 1.8777 1.8770 1.8771 1.6800 1.8778 1.87702-1 544.13 540.00 544.13 544.05 544.80 544.80 540.001-30 267.55 268.80 267.47 267.25 267.53 267.50 267.2530-26 47.357 47,000 47.500 47.497 47.630 47.500 47.0007-8 148.71 148.78 148.56 148.74 148.76 148.45 148.4528-27 1.7771 1.7500 1.7822 1.7784 1.7826 1.7823 1.750017-18 12.522 12.400 12.474 12.466 12.538 12.516 12.40018-19 6.5010 6.4570 6.4830 6.4860 6.5110 6.5030 6.457019-20 3.0130 3.0000 3.0090 2.9990 3.0210 3.0070 2.999020-21 498.56 494.40 497.45 496.97 499.36 498.38 494.4021/22 493.80 488.80 494.94 494.59 495.00 494.93 488.8024/21 2.5090 2.5000 2.5040 2.5020 2.5140 2.5100 2.500024/23 3.6520 3.6480 3.6610 3.6560 3.6630 3.6560 3.648016/25 1.1924 1.1280 1.1960 1.1943 1.1974 1.1956 1.12803(24 199.72 198.00 200.42 200.22 201.04 200.31 198.00

RESISTANCES DELTA RANGE TABLE

PINS 21183 11650 12034 11789 11861 11836 MAXIMIM

4-2 0.02 0.52 0.02 0.02 0.06 0.04 0.522-1 0.03 1.24 0.03 0.01 0.02 0.02 1.241-30 0.06 0.74 0.09 0.02 0.03 0.04 0.7430-26 0.51 1.47 0.42 0.22 0.36 0.42 1.477-8 0.13 0.69 0.09 0.11 0.09 0.10 0.69
28-27 0.01 1.33 0.03 0.02 0.03 0.03 1.3317-18 0.02 0.76 0.02 0.02 0.01 0.01 0.7618-19 0.06 0.66 0.01 0.01 0.01 0.04 0.6619-20 0.02 0.12 0.05 0.03 0.02 0.03 0.1220-21 0.03 0.7"7 0.01 0.05 0.05 0.00 0.7721/22 0.13 0.80 0.17 0.07 0.44 0.01 0.8024/21 0.01 0.21 0.05 0.00 0.05 0.03 0.2124/23 0.04 0.02 0.03 0.04 0,04 0.04 0.04:6/25 0.05 5.16 0.03 0.03 0.03 0.03 5.16
3/24 0.09 0.70 0.09 0.14 0 31 n no

f-% V.



RESISTNACES MAXIMUM RANGE TABLE

PINS 08355 00480 08746 08921 08589 08872 08584 07941 08290 08388 W-XI K

4-2 1.8881 1.8828 1.8772 1.8799 1.8803 1.8818 1.8779 1.9122 1.8901 1.8804 1.9122

2-1 545.40 546.80 545.30 545.40 545.60 545.90 545.60 553.60 545.20 545.00 553.60

1-30 267.90 268.10 268.00 268.20 268.50 268.50 269.60 272.10 268.10 268.20 272.10

30-26 47.700 47.700 48.000 48.000 47.700 48.800 48.200 47.600 47.600 47.700 48.8C.

7-8 149.10 149.00 149.00 149.10 149.10 149.40 149.30 153.40 0.00 149.00 153.40

28-27 1.7820 1.7882 1.7829 1.7839 1.7803 1.7885 1.7851 1.7790 1.7802 1.7783 I 7885
17-18 12.512 12.640 12.546 12.511 12.519 12.522 12.534 12.458 12.566 12.540 12.640

18-19 6.5064 6.5040 6.4992 6.5030 6.4984 6.5092 6.4936 6.4933 6.5055 6.5172 6.5172
19-20 2.9986 3.0364 3.0235 3.0115 3.0060 3.0070 3.0104 3.0030 3.0206 3,0118 3.0364

20-21 502.10 506.50 503.50 505.20 502.60 505.20 502.40 501.60 506.00 502.70 506.50

21/22 494.80 496.30 495.80 495.70 494.90 496.20 495.90 494.10 494.60 494.90 496.30

24/21 2.5073 2.5101 2.5783 2.4990 2.4996 2.5070 2.5670 2.4912 2.5132 2.5071 2.5783

24/23 3.6582 3.6838 3.6630 3.6680 3.6560 3.6755 3.6650 3.6540 3.6570 3.6520 3.6838

16/25 1.1961 1.2029 1.2048 1.1979 1.2066 1.2001 1.1986 1.1944 1.2082 1.1962 1.2082
3/24 200.80 200.20 200.60 201.30 200.70 203.00 201.30 200.40 200.30 200.60 203.00

RESISTANCES MINIMUM RANGE TABLE

PINS 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MINIMUM

4-2 1.8810 1.8825 1.8767 1.8793 1.8799 1.8812 1.8770 1.9119 1.8896 1.8801 1.8767

2-1 545.30 546.60 545.10 544.90 545.20 545.50 545.00 553.20 544.90 544.80 544.80

1-30 267.80 267.89 267.79 267.90 268.04 268.10 268.94 271.78 267.80 267.97 267.79
30-26 47.495 47.421 47.543 47.601 47.445 48.197 47.596 47.408 47.332 47.485 47.332

7-8 148.90 148.76 148.80 148.67 148.70 148.80 148.74 153.08 0.00 148.75 0.0000

28-27 1.7816 1.7879 1.7824 1.7831 1.7796 1.7851 1.7843 1.7783 1.7787 1.7778 1.7778
17-18 12.511 12.637 12.544 12.509 12.517 12.520 12.532 12.456 12.565 12.538 12.456

18-19 6.5050 6.5020 6.4980 6.5010 6.4970 6.5080 6.4920 6.4920 6.5050 6.5120 6.4920
19-20 2.9980 3.0350 3.0230 3.0100 3.0050 3.0060 3.0090 3.0030 3.0190 3.0110 2.9980

20-21 502.04 506.30 503.40 504.70 502.10 504.80 502.00 501.20 505.78 502.50 501.20
21/22 494.18 495.59 494.80 494.40 493.94 495.28 494.62 493.35 493.69 494.25 493.35

24/21 2.5070 2.5090 2.5780 2.4980 2.4990 2.5060 2.5660 2.4910 2.5128 2.5070 2.4910

24/23 3.6577 3.6830 3.6620 3.6670 3.6550 3.6750 3.6640 3.6530 3.6566 3.6515 3.6515
16/25 1.1956 1.2025 1.2043 1.1973 1.2061 1.1996 1.1982 1.1940 1.2080 1.1959 1.1940
3/24 200.58 199.40 200.35 200.90 200.40 202.49 201.07 200.09 200.11 200.30 199.40

RESISTANCES DELTA RANGE TABLE

PINS 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MAXIMUM

4-2 0.38 0.02 0.03 0.03 0.02 0.03 0.05 0.02 0.03 0.02 0.38
2-1 0.02 0.04 0.04 0.09 0.07 0.07 0.11 0.07 0.06 0.04 0.11
1-30 0.04 0.08 0.08 0.11 0.17 0.15 0.24 0.12 0.11 0.09 0.24
30-26 0.43 0.58 0.95 0.83 0.53 1.24 1.25 0.40 0.56 0.45 1.25

7-8 0.13 0.16 0.13 0.29 0.27 0.40 0.38 0.21 #DIV/0! 0.17 #DIV/0!
28-27 0.02 0.02 0.03 0.04 0.04 0.19 0.04 0.04 0.08 0.03 0.19
17-18 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02

18-19 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.08 0.08

19-20 0.02 0.05 0.02 0.05 0.03 0.03 0.05 0.00 0.05 0.03 0.05
20-21 0.01 0.04 0.02 0.10 0.10 0.08 0.08 0.08 0.04 0.04 0.10
21/22 0.13 0.14 0.20 0.26 0.19 0.19 0.26 0.15 0.14 0.13 0.26
24/21 0.01 0.04 0.01 0.04 0.02 0.04 0.04 0.01 0.02 0.00 0.04

24123 0.01 0.02 0.03 0.03 0.03 0.01 0.03 0.03 0.01 0.01 0.03
16/25 0.04 0.03 0.04 0.05 0.04 0.04 0.03 0.03 0.02 0.03 0.05

3/24 0.11 0.40 0.12 0.20 0.15 0.25 0.11 0.15 0.09 0.15 0.40
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LEAKAGE CURRENTS MAXIMUM RANGE TABLE

PINS 21183 11650 12034 11789 11861 11836 MAXIMUM

26-24 1.03-09 1.03-09 8.03-10 8.03-10 9.03-10 8.03-10 1.00E-09

4-5 7.2E-09 1.03-08 7.5E-09 6.2E-09 8.2E-09 5.8E-09 1.003-08

28-6 7.8E-09 8.6E-09 8.9E-09 8.3E-09 7.2E-09 6.4E-09 8.90E-09

28-29 0.03400 1.03-10 0.03+00 1.03-10 2.03-10 0.03+00 2.003-10

14-10 2.13-03 1.83-06 1.9E-06 8.53-06 5.9E-07 8.2E-06 2.10E-03

10-7 3.03-10 4.03-10 1.7E-08 2.D3-10 2.OE-10 2.03-10 1.70E-08

14-7 1.5E-05 4.03-08 3.5E-08 5.4E-08 2.4E-08 1.03-07 1.50E-05

4-7 8.23-07 Z.03-08 1.83-08 1.83-08 1.7E-08 2.83-08 8.20E-07

4-12 3.1E-09 1.03-09 2.03-09 1.03-10 2.5E-09 1.03-10 3.10E-09

12-7 1.7E-05 3.23-08 2.6E-08 6.53-08 2.4E-08 1.03-07 1.65E-05

LEAKAGE CURRENTS MINIM4UM RANGE TABLE

PINS 21183 11650 12034 11789 11861 11836 MINI"O

26-24 2.03-10 2.03-10 2.01-10 2.03-10 0.03+00 0.03+00 0.03+00

4-5 6.23-ag 7.5E-09 6.9E-09 6.03-09 7.8E-09 5.1E-09 5.1E-09

28-6 6.03-09 6.53-09 7.6E-09 7.4E-09 6.9E-09 6.03-09 6.01-09

28-29 0.01+00 0.03+00 0.01+00 0.03+00 1.03-10 0.03+00 0.01+00

14-10 4.9E-05 9.23-07 4.03-08 2.1E-06 4.6E-07 1.6E-09 1.63-ag

10-7 0.03+00 1.03-10 1.01-10 1.03-10 1.01-10 0.03+00 0.03+00
14-7 3.9E-07 2.4E-08 2.23-08 2.3E-08 1.9E-08 3.03-08 1.93-08

4-7 4.03-08 4.03-10 4.03-10 3.03-10 5.03-10 4.03-10 3.01-10

4-12 0.01+00 5.01-10 1.11-09 0.03+00 2.03-09 0.03+00 0.03+00

12-7 8.2E-06 1.03-09 6.8E-09 2.2E-08 5.9E-09 6.8E-08 1.03-09

LEAKAGE CURRENTS DELTA RANGE TABLE

PINS 21183 11650 12034 11789 11861 11836 MAXIMUM

26-24 8.03-10 8.03-10 6.01-10 6.03-10 9.01-10 8.03-10 9.03-10

4-5 1.03-09 2.5E-09 6.03-10 2.03-10 4.03-10 7.03-10 2.5E-09

28-6 1.8E-09 2.1E-09 1.3E-09 9.03-10 3.03-10 4.03-10 2.13-09
28-29 0.03+00 1.03-10 0.01+00 1.03-10 1.01-10 0.03+00 1.03-10
14-10 2.1E-03 8.8E-07 1.8E-06 6.4E-06 1.3E-07 8.23-06 2.1E-03
10-7 3.03-10 3.03-10 1.7E-08 1.03-10 1.01-10 2.03-10 1.7E-08

14-7 1.5E-05 1.6E-08 1.3E-08 3.1E-08 4.83-09 7.2E-08 1.53-05
4-7 7.83-07 2.03-08 1.83-08 1.8E-08 1.73-08 2.6E-08 7.8E-07
4-12 3.13-09 5.03-10 9.03-10 1.03-10 5.03-10 1.0-10 3.1E-09

12-7 8.3E-06 3.1E-08 1.9E-08 4.3E-08 1.83-08 3.6E-08 8.3E-06



LEAKAGE CURRENT MAXIMUM RANGE TABLE

?INS 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MAXIMUM

26-24 6.OE-1O 1.5E-09 5.01-10 9.01-09 8.OE-10 2.4E-09 6.OE-10 1.2E-09 6.01-10 iDOE-OS 9.OE-09
4-5 1.3E-08 1.5E-09 7.01-09 6.5E-09 8.9E-09 1.51-09 7.2E-09 7.01-09 1.2E-08 7.1E-09 1.3E-08
28-6 1.2E-08 7.2E-08 1.3E-08 7.2E-09 1.OE-08 1.6E-09 7.4E-09 1.2E-08 1.3E-08 1.2E-08 7.2E-08
28-29 0.01+00 2.01-10 0.OE+00 2.01-10 0.OE+00 4.OE-10 0.01+00 6.01-10 0.01+00 0.01+00 6.01-10
14-10 3.OE-08 8.2E-06 1.2E-03 2.8E-04 4.6E-06 1.8E-04 4.XE-06 4.4E-06 2.5E-06 3.1E-06 1.2E-03

10-7 8.6E-08 5.01-10 2.OE-10 1.2E-09 2.01-10 2.01-10 8.01-10 4.OE-10 5.01-10 3.OE-1O 8.6E-08
14-7 3.01-08 3.01-08 5.2E-06 1.OE-06 2.8E-08 7.01-07 6.2.1-08 2.51-08 2.5E-08 2.8E-08 5.2E-06

4-7 2.3E-08 2.5E-08 6.1E-09 2.5E-08 2.01-08 2.5E-08 5.ZE-08 2.1E-08 2.2E-08 2.1E-08 5.2E-08
4-12 2.01-09 2.5E-09 3.OE-09 2.$E-09 3.01-09 2.2E-09 1.6E-08 2.5E-09 3.2E-09 3.OE-09 1.6E-08

12-7 4.5E-07 4.5E-07 2.6E-07 1.01-06 4.4E-07 7.9E-07 4.2E-07 3.1E-07 2.7E-07 2.4E-07 1.01-06

LEAKAGE CURRENT MINIMUM RANGE TABLE

PINS 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MINIUM

26-24 0.01+00 1.21-09 0.01+00 2.5E-09 0.OE+00 2.01-09 1.01-10 8.01-10 0.OE+00 2.OE-10 0.OE+00
4-5 1.01-0 8 4.01-10 6.01-09 5.8E-09 8.01-09 1.2E-09 6.OE-09 6.OE-09 1.01-08 6.51-09 4.OE-10

28-6 9.5E-09 1.21-09 7.8E-09 6.2E-09 5.8E-09 S.OE-10 6.OE-09 7.5E-09 1.01-08 7.4E-09 8.01-10

28-29 0.01+00 0.OE+00 0.OE+00 0.01+00 0.01+00 4.01-10 0.01+00 4.01-10 0.01+00 0.OE+00 0.01400

14-10 2.2E-08 4.2E-06 5.01-04 2.81-06 2.3Z-06 2.7E-06 2.5E-06 3.3E-06 2.2E-06 2.21-06 2.21-08
10-7 2.5E-08 1.OE-10 1.01-10 1.01-10 1.OE-10 1.OE-1O 2.OE-10 1.OE-10 1.OE-10 1.01-10 1.0E-10
14-7 Z.OE-08 2.5E-08 2.3E-06 2.2E-08 1.7E-08 2.3E-08 4.21-08 2.01-08 9.2E-09 7.1E-09 7.11-09

4-7 5.01-09 4.01-09 4.11-09 5.8E-09 5.1E-09 5.01-09 5.4E-09 4.8E-09 4.8E-09 1.6E-09 1.6E-09
4-12 1.01-10 4.01-10 6.01-10 8.01-10 6.01-10 2.01-10 4.01-10 5.01-10 1.01-09 1.01-09 1.01-10

12-7 3.01-08 3.01-08 5.1E-09 4.8E-08 2.8E-08 6.8E-07 6.2E-08 2.5E-08 2.51-08 2.91-08 5.11E-09

LEAKAGE CURRENT DELTA TABLE

PINS 08355 00480 08748 08921 08589 08872 08584 07941 08290 08388 MAXIMUM

26-24 3.01-10 5.01-10 6.5E-09 8.01-10 8.01-10 4.01-10 5.OE-10 4.01-10 6.01-10 8.01-10 6.51-09
4-5 1.1E-09 1.01-09 7.01-10 9.01-10 9.01-10 3.01-10 1.21-09 1.01-09 2.41-09 6.01-10 2.4E-09
28-6 7.11-08 5.2E-09 1.01-09 4.51-09 4.51-09 8.01-10 1.4E-09 4.41-09 2.51-09 4.41-09 7.11-08

28-29 2.01-10 0.01+00 2.01-10 0.01+00 0.01+00 0.01+00 0.01+00 2.01-10 0.01+00 0.01+00 2.01-10
14-10 4.01-06 7.01-04 2.7E-04 2.4E-06 2.4E-06 1.7E-04 1.6E-06 1.1E-06 3.01-07 9.01-07 7.01-04
10-7 4.01-10 1.01-10 1.1E-09 1.01-10 1.01-10 1.01-10 6.01-10 3.01-10 4.01-10 2.01-10 1.11-09
14-7 5.01-09 2.91-06 9.81-07 1.11-08 1.11-08 6.8E-07 2.01-08 5.01-09 1.61-08 2.11-08 2.9E-06

4-7 2,1E-08 2.01-09 1.9E-08 1.5E-08 1.5E-08 2.01-08 4.7E-08 1.6E-08 1-7E-08 1.9E-08 4.7E-08
4-12 2.1E-09 2.4E-09 2.01-09 2-4E-09 2.4E-09 2.01-09 1.6E-08 2.01-09 2.2E-09 2.01-09 1.6E-08

12-7 4.2E-07 2.5E-07 9.5E-07 4.1E-07 4.1E-07 1.1E-07 3.6E-07 2.9E-07 2,5E-07 2.1E-07 9.5E-07
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12A2- Voltage Regulator, Linear HAC PN 3569800," 1 November 1978.
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1.0 INTRODUCTION

This Environmental Design Criteria and Test Plan (EDCTP) (CDRL Sequence No.
21) for the "Electronics Reliability Fracture Mechanics" program (Contract
No. F33615-87-C-3403) defines the specific environmental design parameters and
requirements for the Shop Replaceable Units (SRUs), and establishes detailed
plans and procedures for the Combined Environments Reliability Test (CERT)
(Task XI of the program): Environmental conditions of steady high temperature
and thermal cycling (described in the companion Life Cycle Environmental
Profile Plan [CDRL Sequence No. 20]) will be imposed on the energized
assemblies until a failure occurs. The test will be accelerated by using
higher temperatures than the SRUs normally encounter in the aircraft.

In the event no failures are precipitated due to thermal exposure, a backup
test that will vibrate the electronic assemblies at room temperature with
power on is planned. The purpose of the short duration sine wave, one-axis
vibration would be to investigate the possibility of loose particles inside
the electronic packages causing a short circuit. Details of this backup test
are described in the final submittal of the companion Life Cycle Environmental
Profile Plan (CDRL Sequence No. 20), May 1990.

2.0 BACKGROUND

The draft test plan was formulated in 1988 in compliance with Section 4.5
(Task V) of the Statement of Work (SOW) (Reference 1) and DOD Data Item
Description DI-R-7125. Due to program redirection prompted by the results of
failure analyses of SRUs that have failed in service, the SOW was modified in
1989. The CERT changed from a mission profile test with simultaneously
applied thermal cycling and vibration to an accelerated test without
vibration. Details of this redirection are described in the final submittal
of the companion Life Cycle Environmental Profile Plan (CDRL Sequence No. 20).

This final submittal of the EDCTP consists of the following revisions of the
draft plan:

- It revises the test setup and sequence per the revision of the
environmental profiles.

- It answers the questions on the draft plan asked by the Air Force
(Reference 1). Two of the five questions, involving vibration, are no
longer relevant. The other three - "b", "c", and "e" - are answered
herein.

The Shop Replaceable Units (SRUs) to be tested were selected under Task III of
the program and are being fabricated under Task IX. In Task XI, thermal
stressing of these specially built SRUs will be performed to determine their
Failure Free Operating Period (FFOP). The FFOPs established by the test will
be compared with the FFOP predictions of Task X which are mathematically
derived. In this manner, the life prediction models of electronic assemblies
developed under Task VI will be evaluated.
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3.0 DESCRIPTION OF TEST ITEMS AND SAMPLE SIZE

The items to be tested will be two serial numbers each of a digital SRU and an
analog SRU from the Hughes AN/APG-63 Radar for the F-15 aircraft. They are
utilized in the radar's Programmable Signal Processor Line Replaceable Unit
(LRU) (3137042) and are identified as follows:

SRU Assy. Number Sample Size

Timing and Control(Digital) 3562102 2
Linear Regulator(Analog) 3569800 2

Both module types incorporate a "flow-through" design with the heat exchanger
an integral part of the module. Photographs of the two SRUs are shown in
Appendices A and B.

The Timing and Control module is a 9x5-inch digital module. The basic module
package is an assembly of two printed wiring boards (PWBs) mounted back-to-
back with a platefin coldplate sandwiched in between whichcreates a channel
through which cooling air flows. The dominant part type ts an integrated
circuit flatpack. The flaLpack leads are formed in a "gull wing" shape and
soldered to the surface of the PWB. A flow-under thermal transfer adhesive is
applied under the parts.

The Linear Regulator module is a 6x5-inch analog module consisting of a single
PWB bonded to a platefin coldplate through which cooling air flows. The major
contributors to failures are three hybrid microcircuits and a power
transistor.

4.0 DESIGN OF THE TEST

4.1 Objective

The objective of the test is to establish the Failure Free Operating Period
(FFOP) of the electronic assemblies when subjected to the environmental stress
of steady high temperature and thermal cycling. The high temperature limits
of the parts will be used as the basis for formulating the thermal stresses.
The failure data obtained from this test will help validate the analytical
life prediction models of electronic assemblies developed under Task VI of the
program. The operating time or number of cycles for the first failure to
manifest itself as an electronic malfunction is the FFOP for that assembly.
Testing will continue until each of the four SRUs has experienced electronic
malfunction.

4.2 Environmental Test Method of MIL-STD-810D and Exceptions

Test Method 520.0, "Temperature, Humidity, Vibration, Altitude," of MIL-STD-
810D will be followed for the test with exceptions. As implied in Section 1.0
of the Statement of Work, the life prediction technique for electronic
assemblies shall be demonstrated for the environmental stress of thermal
cycling only. Thus, the environmental stresses of vibration, humidity and
altitude of MIL-STD-810D will not be considered for the test.
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4.3 Environmental Design Parameters and Test Criteria

The SRUs will be subjected to the major environmental stress of temperature
during the test. Forced air (supplemental cooling), for a fixed mass flow and
varying temperature, will be imposed on the assemblies in the test cycle as
specified by the Life Cycle Environmental Profile Plan(LCEPP) (CDRL Sequence
No. 20) formulated under Section 4.5 (Task V) of the Statement of Work and DOD
Data Item Description DI-R-7124.

4.4 Description of Testing

Varying conditions of temperature will be imposed on the powered SRUs during
the test. Thermal stressing of the SRUs will be accomplished by means of
channeling cooling air, in parallel through the heat cxchangers built into the
assemblies, in the same manner as they are cooled in actual deployment. This
thermal simulation is realistic since the SRU temperatures are primarily
responsive to the supplemental cooling air, not to the ambient temperature.

Cooling air temperature and flowrate to the SRUs will be automatically
controlled. The first time any one of the four SRUs experiences an electronic
malfunction (FFOP), the test will be stopped and the malfunctioning SRU will
be removed from the test fixture for failure analysis. This procedure will be
repeated until all four SRU's have malfunctioned.

From time to time, the test will be interrupted to perform visual inspection
and/or infrared(IR) thermography and holographic interferometry of the
components. IR scanning enables non-contact measurements to be made of true
temperatures of the components, and is useful in detecting a variety of flaws
in the hardware. A difference in temperature of a component from one cycle to
a later cycle at exactly the same time (and environmental conditions) in the
two cycles would be an indication that a flaw had developed either internal to
the component or in its attachment to the board. Holographic interferometry
enables identification of displacements caused by failure processes.

Prior to the test, an airflow calibration for each of the four SRUs will be
performed. The calibration will relate flow in pounds per minute to pressure
drop in inches of water, a control parameter during the test. Also a thermal
survey will be conducted on the assemblies prior to the test.

In addition, before testing begins, the SRUs will be operated at laboratory
ambient conditions to record performance data for comparison with data
obtaired during and after the test. The identification and environmental test
history of each assembly will be documented for failure analysis purposes.
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5.0 TEST SETUP AND INSTRUMENTATION

5.1 Facility and Environmental Control

The test will be conducted in the Environmental Engineering Laboratory
(Building E2) of the Hughes Electro-Optical and Data Systems Group in El
Segundo, California. The cooling air to the SRUs in the F-15 aircraft will be
simulated. Details of temperature control for the test follow.

Thermal stressing of the SRUs will be accomplished by means of channeling air
of a set temperature and flowrate through their built-in heat exchangers in
the same manner as they are cooled in actual deployment. Air temperature and
flowrate to each of the SRUs tinder test will be automatically controlled at
the set point throughout the test. The facility's Environmental Control and
Data Acquisition System will be used to profile the specified air temperature
and pressure (flowrate) to an air supply plenum common to the cooling air
inlets of the SRUs. The control signal for cooling air supply temperature and
flowrate is generated by a controller. The controller receives a set point
signal from the profiler. The set point is inputted to the profiler as a
straight line segment time history. The profiler provides multiple time
synchronized outputs to the controller. The controller compares the control
sensor signals with the set point values and generates the control commands.

The modules will be cooled by dry nitrogen gas (although the term "air" is
employed herein to conform to standard usage). It is more convenient to use
N2 than air in a laboratory test of this type. The N2 supply temperature will
be regulated by a portable air conditioning cart. Air metering orifices built
into the modules will serve to properly regulate airflow to each individual
SRU in the same manner as in actual deployment.

5.2 Installation and Fixturing

A major step in planning this test was establishing how to fixture the SRUs.
In the actual 042 unit, there is one 2102 module and one 9800 module.
Provision of one or two 042 units for this test would have been prohibitively
expensive and not advantageous for obtaining information to attain the program
objectives. Instead, a special purpose setup was developed to electrically
power, provide coolant air for, and environmentally stress all four modules
(the two 2102 modules and the two 9800 modules) at the same time.

The setup described herein was developed by a team consisting of members with
expertise in radar operation and electrical testing, environmental testing,
structural mechanics, and thermal engineering. It is feasible to implement
and is optimum for providing information for the program. The key features of
this setup are as follows:

- Both surfaces of each module will be exposed for inspection and/or
photography during the test. (Before the test begins, a prediction of the time
to failure of the defects on each side of each of the two specially built and
inspected 2102 modules will be available.)

- The bottom connectors of the modules can be plugged into and
unplugged from the test fixture without interfering with each other.
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- The top connectors of the 2102 module are accessible for
continuous diagnostic testing.

- The four modules are supplied by a common coolant air plenum, thus
simplifying control of the coolant air.

The overall layout of the test setup is shown in Figure 5.2-1. A test fixture
supports the four SRUs in card extenders. The card extenders provide the
interface for electrical inputs and outputs to/from the SRUs.

The plane of all four SRUs will be vertical to facilitate viewing of the
populated boards for the purpose of visual inspection and infrared
thermography. A cooling air supply plenum coimmon to the air inlets of the
SRUs will be supported by the test fixture.

During the test, the SRUs will be insulated from their surroundings, and from
the table on which the fixture is mounted, to prevent heat loss/gain by
radiation or convection which would affect SRU temperatures in a way not
representative of actual aircraft operation. The insulation will be readily
removable for top-side access to each SRU.

5.3 Instrumentation, Calibration, and Accuracies

5.3.1 Instrumentation

Control and response instrumentation for the test will consist primarily of
thermocouples. A pressure transducer will be utilized to control and monitor
the coolant air supply plenum pressure. Two thermocouples will be located in
the air supply plenum: one to control and the other to monitor the cooling air
temperature.

No more than 30 thermocouples will be empfoyed to measure the case temperature
response of selected components on the SRUs. The thermocouple locations will
be selected with the aid of the thermal analysis of the modules (References 2
and 3). The thermocouples will be bonded to the test items with standard
techniques used in environmental testing.

5.3.2 Calibration

Prior to the start of testing, an air (N2) flow calibration will be performed.
The calibration will relate flow in pounds per minute to the pressure drop
(air supply plenum pressure) for each of the four SRUs. A minimum of five
data points will be acquired for the calibration. The highest and lowest
pressure drops will bracket the range of SRU inlet plenum pressures supplied
by F-15 aircraft throughout the profiles in the test.

5.3.3 Accuracies

The accuracies of the measurement systems used to control or monitor the
environmental parameters shall be as follows:
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Cooling air supply plenum pressure: +2% of reading
Cooling air supply temperature: ±20F(±10C)

5.4 Electronic Support Equipment to Function Test Items

The Test Station will perform the complete manufacturing functional tests on
the digital and analog modules. It will also monitor the modules for
functional failure during the environmental tests. A block diagram of the
Test Station is presented as Figure 5.4-1.

5.4.1 Requirements

The 3562102 Timing and Control module is a digital module. For complete
functional testing, it requires 116 input channels and 296 output channels, at
TTL signal levels. Its power requirements are +5.1 volts at 11.6 amper-s and
+12 volts at 0.5 ampere.

The 3569800 Linear Regulator module is a power regulator. Complete functional
testing of this module consists of supplying power, loading the outputs, and
monitoring the output voltages. Its power requirements are +17 volts at 7
amperes, -17 volts at 2 amperes, and +12 volts at 10 milliamperes. The
outputs will be monitored in such a way that current loading effects are
accounted for.

The Test Station will perform the complete manufacturing functional tests on
the digital and analog modules for periodic endpoint measurements. The
complete test of the digital module will employ a special diagnostic connector
which is not present during flight. It will monitor both modules for
functional failure during environmental stress.

5.4.2 Summation 1032B TestSystem

The Summation 1032B TestSystem is the core of the Test Station. It provides
the capability to stimulate and monitor the modules under test. The system we
have configured provides 304 digital input and output channels. This is
sufficient to provide simultaneous inputs to both digital modules, and to
monitor the outputs of one module at a time. The receiver pods will be
multiplexed so that the system can alternately monitor each digital module,
electronically switching between them.

The 304 digital channels are provided by 19 DSR12 High Speed Memory Module
cards, which have a stored pattern depth of 16K vectors. Since the
manufacturing test consists of less than 4K vectors, this is more than
adequate, and will provide space for additional vectors if needed. The DSR12
cards will each be equipped with a TTL driver and TTL receiver pod. These
pods provide the TTL interface to the digital signal pins of the 3562102
modules.

A DMM10 Digital Multimeter card will be used to monitor power and other
signals. These signals include the power supply voltages to all modules, and
the output voltages of the linear modules. We have selected a CSSCN10 39
Channel Scanner card, to enable the DMM card to measure various points during
module test.

R-1O



The SigmaSeries Model 7523A Industrial Computer, included in the TestSystem,
will control functional tests, electrical exercise and monitoring during
environmental tests, and module power. All measurements, including functional
failure indications, will be recorded on magnetic media, for archive and
periodic analysis. In the event of a functional failure or unacceptable power
condition, the computer will sound an alarm to remove power from the modules.
Since the Summation TestSystem monitors only 304 channels simultaneously and
the digital module has 296 outputs, the outputs must be multiplexed. This
will be accomplished by using 19 additional receiver pods for the High Speed
Memory Modules. The additional pods will be assembled together with the pods
included in the TestSystem to make dual-input pods. This will permit the Test
Station to monitor each digital module alternately.

5.4.3 Hewlett-Packard Programmable Power Supplies

Seven Hewlett-Packard Programmable Power Supplies are required for the four
modules under test:

A model 6621A supply will provide the +12V power for the digital modules.
This supply has two outputs, each capable of up to 4A at up to 20V.

Two model 6033A supplies will provide the +5V power for the digital modules.
These supplies are capable of supplying up to 30A at voltages up to 6.7V.

Two additional model 6033A supplies will provide the +17V power for the linear
modules. In the 20V range, these supplies can provide up to 10A.

An additional model 6621A supply will provide the -17V power for the linear
modules.

A model 6624A supply will provide the +12V bias power for the linear modules.

This supply has two outputs capable of 2A at up to 20V.

5.4.4 Hewlett-Packard Model 54501D Digitizing Oscilloscope

The Hewlett-Packard Model 54501D digitizing oscilloscope will be used to
monitor signals during debug and operation of the Test Station. It will also
provide diagnostic capability in the case of apparent functional failures.
This oscilloscope will communicate with the computer via the IEEE-488 bus, and
can be used for guided diagnostics of the assembled test fixtures.

5.4.5 Equipment Rack

All this equipment will be mounted in a 61-inch double-bay rack. The entire
test system will be transportable, so that it can be placed near the
environmental chamber or used separately.

5.4.6 Accuracies

The DMM10 Digital Multimeter card is a 4-1/2 digit multimeter with a DC
voltage measurement accuracy of + (0.01% + 2 counts). It will be used to
monitor the output voltages of the linear module, and for redundant monitoring
of the supply voltages to all modules.
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The DSR11 Model 4410A High Speed Timing Module has a guaranteed pin-to-pin
timing skew of less than + 10.5ns. The data rate is accurate to + 0.01%.

The Hewlett-Packard programmable power supplies will be used to monitor supply
voltages and currents. Their measurement accuracies are:

Model Voltage Current

6621A _ (20mV+0.05%) ±(20mA+0.1%)
6624A ± (20mV+0.05%) ±(lOmA+0.1%)
6033A ±( 6mV+0.07%) ±(25mA+0.3%)

5.5 Protection from ESD

The test items will be handled in accordance with Hughes Standard HPR 15010
(Appendix C) to protect them from electrostatic discharge (ESD).

5.6 Equipment Required from the Government

In order to perform integration, checkout and acceptance testing of the Test

Station, the contractor has obtained the loan of the following government
property:

Part Number National Stock Number Quantity

3562102-5 5841-01-101-3770 2
3569800 5841-01-058-9023 2

The above Government Furnished Property (GFP) loaned to Hughes is serviceable.

6.0 DATA ACQUISITION

6.1 Environmental

Data obtained from the response thermocouples and the pressure transducer are
routed to remote scanners that condition the electronic data. The datalogger
that receives these signals converts them to temperature or pressure readings
and sends them to data storage. When a temperature exceeds a triggering value
or range, the datalogger sends an alarm signal.

The data acquisition computer routes the temperature data to remote CRT
displays located at the test site. The data are available from the computer

CRT, as listings, and/or as multi-plot time histories.

6.2 Functional

The Test Station will record the results of its monitoring functions. For the

digital module, this includes periodic measurement of the power supply
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voltages and currents, and a record of each functional test. In the event of

a functional failure, the vector and output which failed will be identified

and recorded. For the linear module, periodic measurements of input and

output voltages and currents will be recorded.

All data will be recorded on a fixed disk drive in the 7523A computer. The

data will be backed up at least daily on removable media, which will be stored

in a separate location.

7.0 TEST PROCEDURE

7.1 Preparation

7.1.1 Perform the flowrate/pressure drop calibration as described in Paragraph

5.3.2.

7.1.2 Mount SRUs in accordance with Figure 5.2-1.

7.1.3 Connect control and response monitor channels into the Environmental

Control and Data Acquisition System.

7.1.4 Connect portable air conditioning cart and Test Station.

7.1.5 Verify that the proper thermal profile is in the profiler.

7.1.6 Supply cooling air and confirm that the test items are operational.

7.1.7 Conduct thermal survey (insulation surrounding SRUs).

7.1.8 Perform pre-test performance baseline tests of all four SRUs (insulation

surrounding SRUs).

7.2 Environmental Mission Profile Cycling

7.2.1 Start test cycle (insulation surrounding SRUs).

7.2.2 Monitor test item performance (Test Station) and record Environmental

Control and Data Acquisition System data throughout environmental exposure.

7.2.3 Continue test until an SRU malfunction occurs.

7.2.4 Document malfunction.

7.2.5 Remove malfunctioning SRU from test fixture for failure analysis.

7.2.6 Repeat Paragraphs 7.2.1 through 7.2.5 three times.

7.3 Test Items Operation

The Test Station (Section 5.4) will operate and monitor the four modules

during environmental stress. The operation of the Test Station will be

extremely simple, and primarily unattended.
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In each of the following steps, when operation interaction is involved, the

Test Station will prompt for it. In some cases, the Station will require the
operator to type a response before proceeding.

7.3.1 Initial Setup

These steps are necessary at the beginning of the environmental test, and any
time the Test Station has been disconnected from the environmental control

system or the modules under test.

7.3.1.1 Interface to Environmental Control System

The Test Station will prompt the operator to connect the signal lines from the
environmental control system. These include the Failure Alarm, Stop Test, and

No Flow signals. When these are connected, the operator will enter a response
to the Station, and the Station will test all signals. This will require
another operator to attend the environmental control system to ensure that the

signals are properly sent and received. The Test Station screen will indicate

what signal is being tested, and the verification requirements.

7.3.1.2 Electrical Connection to Module

The operator will connect the power and signal lines from the Test Station to

the modules under test, including the diagnostic connectors to the digital
modules. After checking for air flow, the Test Station will apply power to

the modules. If the power supply currents and voltages are in acceptable
ranges, the Test Station will proceed with a functional test of the modules.
If this test passes, the setup is complete.

7.3.1.3 Setup Failures

A failure at any point during the setup procedure must be corrected before

beginning the environmental tests. Troubleshooting aids will be included in

the test software. These aids may be invoked by the operator at any time
except during environmental stress.

7.3.2 Perform Electrical Tests

During environmental stress, the Test Station will continually test the
modules.

7.3.2.1 Digital Module

Functional test of the digital modules consists of applying a series of logic
states to the inputs, reading the resulting states of the outputs, and

comparing the output states to a table of expected states. If they match, the
module is functioning correctly. If they are different, the Test Station will

declare a failure, sound an alarm, and store diagnostic information for
analysis.

The Test Station will operate the 3562102 modules according to Test
Specification 31325-172 (Appendix D), with some exceptions. This specifies DC
power to the module at +5.1 volts and +12 V. The input signal sources are at

standard TTL levels, and the output loads are standard TTL loads. There are
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four test veLor sets of approximately 800 vectors each. The test equipment
called out 'ai the specification is a Hewlett-Packard DTS-70 Digital Test
System.

The Summnation test system described in Paragraph 5.4.2 will provide the
digital stimulus. This system is capable of providing test vectors to the
unit under test (UUT) at a much higher rate than that of the DTS-70. The
Summation 1032B can operate the UUT at 20MHz, compared with the approximately
lkHz rate of the DTS-70.

The module will be operated at the highest practical speed, limited mainly by
the signal quality available at the test fixture due to cable length.

7.3.2.2 Linear Regulator Module

For the Linear Regulator modules, the test consists of monitoring the output
voltages per Table IV of Test Specification 31325-184 (Appendix E). Any
output voltage that does not meet the requirements of that table indicates a
failure, resulting in an alarm and module shutdown.

7.3.2.3 General

The Test Station will also monitor the modules for electrical conditions out
of the specified operations range.

7.3.3 Interrupts

The environmental system will be able to stop the electrical tests at any
time, by signaling the Test Station.

7.4 Tests to Identify Electronic Malfunction

The Test Station will monitor the test items for malfunction during
environmental stress. In the event of a malfunction of any module, the Test
Station will record the event, remove signals and power from that module and
notify the environmental control system that a failure has occurred. The
environmental control system will then halt the test and issue an audible
alarm. The malfunction reported by the Test Station will be verified
manually.

7.4.1 Digital Module

The test system will perform the full manufacturing test on the digital
modules during environmental stress.

In addition, the Test Station will monitor the current and voltage supplied to
the module. If the current exceeds the limits specified in TS 31325-172
(Appendix D), the Station will treat this as a failure.

7.4.2 Linear Regulator Module

The test station will operate the 3569800 modules according to TS 31325-184
(Appendix E) . The test conditions will alternate between Condition 1 and
Condition 2 in Table III. The Test Station will monitor the module outputs
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for compliance with table IV. If any output does not meet the requirements of
Table IV, this will be considered a malfunction. In addition, the power
inputs will be monitored for excessive current, which will also be considered

a malfunction.

8.0 FAILURES

8.1 Failure Criteria

Functional testing of the SRUs to detect malfunction shall be in accordance
with Test Specification TS 31325-169 (Reference 4). This test specification

applies to the 042 LRIJ.

During deployment, the criteria used in removal and replacement of the SRUs
are those in Technical Order 12P2-2APG63-98-15 (Reference 5).

The failure criteria in TS 31325-172 (Appendix D) and TS 31325-184 (Appendix

E) will be applied to the 3562102 and 3569800 modules, respectively, to

identify failures during environmental stress. These criteria are more
stringent than those in TS 31325-169. Failures which would be identified in

deployment will be identified during CERT testing.

8.2 Failure Analysis on Failed Items

Failure analysis on items that fail during the test will be the same as for
the failed field SRUs from Warner Robins Air Logistics Center (WR-ALC)

analyzed in Task III of the program.

8.3 Experimental Validation of Finite Element Calculations
of Localized Static and Dynamic Temperatures and Stresses

at Locations Where Failures Occurred During CERT Testing

The four modules will be instrumented during CERT testing to provide localized
temperature data which will be used to validate the analytical finite element

and finite difference calculations, performed in Task X, of module and device
response to the test profiles.

Thermocouples will be mounted at a number of locations on the PWBs and

components. The temperatures will be used to validate the module heat

transfer and thermal stress models.

It is not necessary to instrument every component on the modules to validate

the analytical models. Rather, it is sufficient to instrument one of each
component type iT order to verify the heat transfer paths as simulated in the

models.

9.0 TEST SCHEDULE AND SEQUENCE

The test will start after the four specially built SRUs have been fabricated

and inspected, and the Failure Free Operating Period (FFOP) predictions have

been made, under Tasks IX and X of the program, respectively. The test is

planned for a one-year period. A more precise test schedule must await the

FFOP predictions in Task X.

R- 16



Starting the test with all four SRUs, the environmental stresses will be
applied until the first malfunction occurs for any one of the four SRUs.
After the failed SRU is removed from the test setup, the test will be
continued until a malfunction occurs in one of the remaining three SRUs.
Again the failed SRU will be removed. This process is repeated until all four
SRUs have malfunctioned, thus ending the test.
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Figure R-5.2. 1. Test Setup
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APPENDIX E

TEST SPECIFICATION

MODULE ASSEMBLY 12A27

VOLTAGE REGULATOR, LINEAR

HAC PN 3569800

(TS 31325-184)
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TEST SPECIFICATION
MODULE ASSEMBLY 12A27

LINEAR VOLTAGE REGULATOR
HAC PN 3569800

1. SCOPE

1.1 This specification establishes the electrical requirements for
acceptance of the Linear Voltage Regulator Module Assembly (12A27),
Hughes Aircraft Compaay (HAC) Part Number (P/N) 3569800.

2. APPLICABLE DOCUMENTS

The following documents of the latest Issue in effect form a part of

this specification only to the extent specified herein.

Hughes Aircraft Company

3569800 Regulator, Voltage, Linear

3569801 Regulator, Linear
Schematic Diagram

3. REQUIREXaS

3.1 Power. The following power sources shall be provided and applied as
directed.

3.1.1 Positive Voltage, Variable. A source capable of supplying a voltage
variable from +15 to +20 Vdc at 7 azpcres mininum and with a ripple less than
0.5 volts peak-to-peak shall be applied to +17 V input terminals.

3.1.2. erir.ive Voltage, Variable. A source capable of supplying a voltage
variable frow -15 to -20 Vdc at 2 amperes minimu and with a ripple less
than 0.5 volts peak-to-peak'shall be applied to -17 V input terminals.

3.1..3 F-)% .*4ve Voltazs Load Bias. A source of +12.0 Vdc - 1.0 V with a
capacity of -.0 millia&ps miniur.u shall be provided for crowbar load bias.

3.2 Cooling. When electrical power is applied to the unit, cooling air

shall be provided at a minimuz flow rate of 0.2 pounds per minute at an inlet
tcmperature uf +30 degrees Celcius max.-mum.

3.3 Connector Dcsignations. Par-llel connections to connector termn...Is
are required. Parallel connections shall be as indicated by Table I.
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TABLE I
CONNECTOR PIN ASSIGNMENTS

Function 1 P lTernaions

+17,V Input A14, B14, A15, B15, A16, B16

-17 V Input A22, B22, A23, B23

t17 V RTN-- A6, B6, A17, B17, A30, B30

+lZ V Output A31, B31, B32,1B32, A33-, B33

-12 V Output A27, B27

-5.3 V Output A12, B12

t12 V, -5 V-RTN All, BII, A20, B20, A34, B34

Module Ident. AS, B5

Module Ident. RTN A3, B3

Crowbar Status (081) A4, B4

Crowbar Status (042) A2, B2

Module Test Access 1 A21, B21

Module Test Access 2 Al, B1

Module Test Access 3 A18, B18

Module Test Access 4 A19, B19

Module Test Access 5 A37, B37

Module Test Access 6 A9, B9

Module Test Access 7 AS, B8

Module Test Access 8 A25, B25

Module Test Access 9 A38 B38
M4odule Test Access 10 A36, B36

3.4 Loads. The following loads shall be provided.

3.4.1 Loads, +12 Volts. One of the following loads shall be applied to the
+12 V output as directed:

(a) 6 ohmi ± 52 25 vatts minimum.

(b) 2 ohms 5% 75 watts minimum.

3.4.2 Loads, -12 Volts. One of the following loads shall be applied to the
-12 V output as directed:

(a) 24 ohms t5% 6 watts minimaum.

(b) 12 ohrs !52 12 watts minimum.

3.4.3 Loads, -5.3 Volts. One of the following loads shall be applied to the
-5.3 volt output As directed:

EXCINEERINC DIVISION 3 I IA " ITS 31325-iS-
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(a) 20 ohms t52 2 watts minimum.

(b) 10 ohms !5% 3 watts minimum.

3.4.4 Loads, Crowbar Status. A load of 10 kilohms +5% 1/4 watts terminated
to +12 Vdc per 3.1.3 shall be provided for each of the crowbar status outputs.

3.5 Electrical Verification.

3.5.1 Continuiry. With no power or loads connected, the continuity between
indicatid terminals shall be as specified by Table II.

TABLE II

Continuity Requirements

Terminal Resistance

+ Probe - Probe OIS

Jl - A 31 - B1 C 0.1

A2 B2 < 0.1

A2 B4 > I meg

A3 B3 < 0.1

A4 B4 0.1

A4 B2 > 1 meg

A3 B5 < 0.1

A5 33 2610 1%

AS B6 > 1 Meg

A6 B6 < 0.1

A6 All I

A6 BEl

A6 A17

A6 317

A6 A20

A6 B20

A6 A30

A6 B30

A6 A34

A6 B34

A6 B22 > 2.5 K

A6 B25 15k - 20k

rNCINER'NC DIVISION = . TS
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TABLE 11 Continued

Continuity Requirements f

Terminal * Resistance

+ Probe* -Probe O HS

31 - As J1 - B8 < 0.1

A8 B12 10k - 10%

A9 39 (0.1

A9 327 10k- 10%

A12 B12 < 0.1

A14 B14

A14 AlS

A14 B15

A14 A16

A14 B16 "
AL4 321 365 + Ioz

A14 B6 > 3k

A18 B18 < 0.1

A18 312 8k- llk

A19 B19 C 0.1

A21 B21 < 0.1

A22 B22 "

A22 A23 "

A22 B23 "

-A25 B25 "

A27 B27 "

A31 B30 > 2k

A31 A32 < 0.1
k31, B32 to

A31 A33

A31 
+33 "

A31 B3.6 10k - 10%

A36 B36 j 0.1

A38 338 .0.1

A38 B22 365 10%

A37 137 < 01

A31 B37 . lO." k -& 10"
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3.5.2 Regulation. With power and loads applied, the respective outputs
shall respond as specified per Table IV for each test condition of Table III.

TABLE III

Module Test Condition

Test Input Loads
Condition Input Term (1) Requirement Output Terv 12). Requirement

1 +17 3.1.1 at +16+0.5V +12V 3.4.la

-17 3.1.2 at -16+0.5V -12V 3.4.Za

-5.3V 3.4 .3a

Crowbar(081) 3.4.4

Crowbar(042) 3.4.4
2 +17 3.1.1 at 18+0.5V +12V 3.4.1b

-17 3.1.2 at -18-0.5V -12V 3.4.2b

-5.3V 3.4.3b

Crowbar(081) 3.4.4

Crowbar(042) 3.4.4

Note: +
(1) Ref Table I, Return to - 17V RTN
(2) Ref Table I, Return to - 12V, -5.3V RTN

TABLE IV

Output Requirements

Functiojn (1) Requirae=nL

+12V +1^.00 0.25 VD:

-12V -12.00 - 0.25 VDC

-5.3 -5.300 - 0.125 VDC

4TA 1 +12.0 - 1.0 VDC

2 -6.3 t 0.3 VrC

3 -5.3 t 0.3 VDC

4 -12.0 - 2.0 VDC

5 +12.00 - 0.25 VDC

6 -12.00 - 0.25 VDC

7 -5.3 t 0.125 '-DC
8 -5.7 - 0.3 VDC

9 -12.n 1.0 V VDC
10.+12.0 + 0.25 "DCCrowbar Sta:us (OS!) +12.0 - 2.0 VLC

Crot'bar Status (0.1)41 +12.0 - 2.0 VDc

E:*'C'11i:Ec DIVISION 6 A TS 1
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TABLE IV Continued

Note:
(1) Ref Table I for terminal assignments. All measurements

made with respect to ± 12V - 5.3V RTN.

3.5.3 Short Circuit Protection. With the module operating per Table III,
Test Condition 1, the outputs shall respond per Table V as each output is
shorted to its respective return. When the short is removed, the output
voltage shall return to that specified for that functiou in Table IV.

TABLE V

Short Circuit Characteristics

Output Function Short Ckt. Volts Short Ckt. Current

+ 12 V 0.5 V Max. 2.5 Amp Max.

- 12 V 0.2 V Max. 0.65 Amp. Max.

- 5.3 V 0.1 V Max. 0.31 Amp. Max.

3.5.4 Over Voltaie Circuit Response. With the module operating per
Table III, Test Condition, 1, the -12 V output shall change to -1.0- 1.0 volts,
the -5 V output to -0.5 't W V, and the crowbar status to 0 t 1 VDC upon
momertary application of each of the following conditions.

(1) Short P1 A37 to P1 A27
(2) Short P1 A18 to P1 A27

(3) Short P1 A25 to P1 A27

4. qUALITY ASSURANCE PROVISIONS

4.1 Product Verification. The module configuration shall comply '-ith
drawing 35b9800.

. , 4.2., Test Conditions. Unless otherwise specified, all electrical
'-vtrific.arions shial1 be conducted within an ambient temperature of 25 ± 50C.

4.3 Test Equp=._,nt.

4.3,1 Instrument Accuracy. The instruients shall have the accuracy necessary
to verify the requirements specified herein. DC voltage measurements shall
be made with an instrument with an i,pedance greater than 1 megohm.

4.3:2 Soecial Test Adantor. A test fixture is required to provide cooling
air through the module per paragraph 3,2,

4.4 Electrical Test Verification. Verifi'cation of electrical requirements
shall be conducted per Table VI.

ENGINTEERING DIVISION I 7 A TS 3l325-15,-
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TABLE VI

Electrical Verification Test

Paragraph

Test Requirement Test

Continuity 3.5.1 4.5.1

Regulation 3.5.2 4.5.2

Short Circuit Portection 3.5.3 4.5*3

Over Voltage Circuit Response 3.5.4 4.5.4

4.5 Electrical Verification.

4.5.1 Continuity. Verify that the requirements of paragraph 3.5.1 are met.
Instrument test probe polarities must be applied as directed or erroneous
readings may occur.

4.5.2 Regulation. Verify that the requirements of paragraph 3.5.2 are met. Test
sequence should be conducted only following successful completion of paragraph 4.5.1.

4.5.3 Short Circuit Protection. Verify that the requirements of 3.5.3 are 0e:.
Short circuit load condition may be created by shortlng normal load with wire or
switch.

During test, -12 V output and -5.3 V output shall not be shorted at the same ti:ze.

4.5.4 Over Voltate Circuit Response. Verify that the requirements of 3.5.4
are met. Following each test, the module may be returned to the output condition
of Table IV by removing and re-applying the -17 V input.

Notes:
(1) Refcrenced terminals may be identified with corresponding s,--bols on

draw...ngs 3569800 and 3569801.
(2). Momentary shall be equivalent to a time period of less than one second.

(3) Short or short circuit shall be equivalent to connecting the indicated
terminals together with a'conducting Ju=per which has an impedance less
than 0.1 ohns.
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1.0 INTRODUCTION

1.1 Overview

This Life Cycle Environmental Profile Plan (CDRL Sequence No. 20) and the
companion Environmental Design Criteria and Test Plan (EDCTP) (CDRL Sequence
No. 21) for he "Electronics Reliability Fracture Mechanics" program (Contract
No. F33615-87-C-3403) define the specific environmental design parameters and
requirements and establish detailed plans and procedures for the Combined
Environments Reliability Test (CERT). An air flow rate and temperature
(described herein) will be imposed on the energized assemblies during the
test.

This test plan was formulated in compliance with Section 4.5.1 (Task V) of the
Statement of Work (SOW) and DOD Data Item Description DI-R-7124. The Shop
Replaceable Units (SRUs) to be tested, which are used in the F-15 aircraft,
were selected under Task III and fabricated under Task IX. In Task XI, CERT
testing shall be conducted on these specially built SRUs to determine their
Failure Free Operating Period (FFOP). The FFOPs established by the test will
be compared with the FFOP predictions of Task X which are mathematically
derived. In this manner, the life prediction models of electronic assemblies
developed under Task VI will be evaluated.

This plan documents 1) the test cycle, 2) the application of the test cycle,
and 3)the method used to derive the test cycle.

1.2 Background

1.2.1 Original Statement of Work

When the contract started in 1987, SOW paragraph 4.5.1 stated the following:

4.5.1 The contractor shall develop life cycle
environmental profiles based upon the
deployment use conditions for the SRUs to
be CERT tested under Task XI. The life cycle
profile shall be developed per MIL-STD-810D

paragraph 4.2.2.2 and the Handbook for Avionics/

Electronics Integrity Requirements.

Per this requirement, Hughes collected mission profile data for the
Programmable Signal Processor (PSP) Line Replaceable Unit (LRU) of the Hughes
APG-63 radar in the F-15 aircraft. Hughes derived a combined environments
test cycle, which is a composite of missions occurring during the majority of
the hardware deployment life. Each mission has associated environmental
stressors dictated by flight and/or climatic conditions. The stressors -
random vibration, thermal cycling, and on/off power cycling - are applied
simultaneously in a sequence that simulates a mission.

Hughes prepared the draft of this plan in 1988 (Refs. 1 and 2). The Air Force
reviewed the draft plan and did not accept it as final. For acceptance, the
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AF required three questions as to the acceptability of the derived profiles to
be answered (Ref. 3).

1.2.2 Modified Statement of Work

During the period in which the draft plan was being prepared and reviewed,
other activities in the ERFM program were indicating that the approach
specified in the SOW warranted modification. Failure analysis of failed F-15
PSP modules indicated that the failures were from different environments than
expected:

- all from electrical stress and steady high
temperature

- none from thermal cycling and vibration.

Furthermore, the thermal/vibration environments are relatively benign:

- electronic part junction temperatures relatively low

- digital module: below 930C
- analog module: below 670C (440C for hybrids)

- flight vibration spectral densities in avionics bay
benign

- level flight: below 0.0004 g2 /Hz
- maneuvering flight: below 0.008 g2/Hz

An evaluation of these results indicated the following:

- It is unlikely that the first failure in the Combined
Environments Reliability Test (CERT) (Task XI) of the
four SRUs fabricated in Task IX will be the
result of thermal cycling and vibration - the
environments in the scope of the ERFM contract.

- It could require an excessively long time for the
first failure to occur in the CERT in the simulated
F-15 aircraft environment.

Accordingly, it was concluded that a program redirection is warranted to make
the life modeling, special fabrication/inspection, and CERT consistent with
the observed failures of the APG-63 SRUs (Ref. 4).

These results were presented to and discussed with the AF. A no-cost change
to the SOW was agreed upon in 1989. Its key features are as follows:

- expansion of the scope to include environments other
than thermal cycling and vibration

- change of the CERT in Task XI to an accelerated test,
rather tian one duplicating the F-15 life cycle
environment
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- limitation of the CERT environments to the
environments that accelerate the failure mechanisms
observed in the failed field APG-63 SRUs.

The modified SOW paragraph 4.5.1 is as follows:

4.5.1 The contractor shall develop accelerated
environmental profiles for the SRUs to be CERT
tested under Task XI. The environments shall be
those known to accelerate the failure mechanisms
observed in the failure analysis of the SRUs
examined in Task III.

This modification made the draft plan (Refs. 1 and 2) irrelevant to ERFM. It
also made it unnecessary for Hughes to answer the questions asked by the AF in
Ref. 3, because these questions involved simulation of the F-15 environment.

To be certain that the CERT environments include those that accelerate the
failure mechanisms observed in the failed field APG-63 SRUs, Hughes waited for
the failure analyses to be completed. This activity was completed in late
1989 and, consistent with the previous results, there were no fatigue failures
(Ref. 5).

However, one failure in an integrated circuit (IC) was a short attributed to a
particle. Shock and vibration could dislodge a particle and cause a loose
particle to move inside the IC package. A conductive particle can become
trapped between two electrodes and thus cause a short. This type of failure
occurs randomly and instantaneously, whereas fatigue failures in the scope of
the ERFM program occur by progressive deterioration of an initial defect.
Therefore, this type of failure, while involving vibration, is not relevant to
ERFM.

Hughes concluded that the only environments that accelerate the failure

mechanisms observed in the failed field APG-63 SRUs are steady high
temperature and electrical stress. Accordingly, Hughes decided not to vibrate

the SRUs during the high-temperature powered life test.

The approach presented herein differs significantly from that in the draft

plan in that:

- The thermal environment is accelerated, that is, the
part temperatures are higher than in normal

operation.

S-5



- Vibration is not applied simultaneously with thermal
environmental stresses.

Thus this final submittal is a complete rewrite of the plan. While the draft
plan (Refs. 1 and 2) is a valuable source of information on the APG-63 life
cycle environment, it does not describe the current approach to the ERFM CERT.

1.2.3 Revision of Final Submittal

In January 1991, Section 3.0 (Approach) of the Final Submittal (May 1990) of
this Life Cycle Environmental Profile Plan was revised as follows:

- Thermal cycling will be performed continuously (24 hr/day, 7
days/week).

Figure 2 (CERT Environmental Profile) was revised accordingly.

In the May 1990 submittal, Section 3.0 stated that 3 thermal cycles per day
will be performed, taking an estimated 5 hr/day. During the remaining 19
hr/day, the modules will be operated with a coolant inlet temperature of 630 C.

The rationale for the approach was that failure mechanisms accelerated by
thermal cycling (fatigue) were not expected to occur in the CERT and failure
mechanisms accelerated by steady high temperature (hybrid microcircuit failure
from contamination) were expected.

Subsequently, the Failure Free Operating Period (FFOP) predictions for these
modules have been completed (Ref. 6). Contrary to the indication in May 1990,
the predicted FFOP is limited by fatigue failures of the plated through holes
(PTH) in *he printed wiring boards (PWB) of the digital modules. The
predicted tkiOP, as limited by fatigue of the PTHS in the digital modules, is 1
thousand CERT thermal cycles. On the other hand, the predicted FFOP, as
limited by contamination-induced failures, is infinite.

Therefore the revised CERT environmental profile will better serve the program
objective. It will enable the predicted FFOP for PTH fatigue failures to be
exceeded in a few months of testing and thereby provide a direct experimental
comparison with the prediction. The prediction of infinite life for
contamination-induced failure mechanisms cannot be verified. However, it will
be tested by the revised profile because the modules will be operated at
steady high temperature roughly half of the time.

WL approved this revision.

1.2.4 Current Submittal

This submittal integrates the January 1991 revision into the Plan. It
provides, in hard copy and on a diskette, an updated self-contained version of
the Plan.
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1.3 Summary

The thermal test cycle was derived by analyzing the modules and determining
what flow rate and temperature combination would result in the hottest
component of each module being maintained at the following approximate limits:

- resistors and capacitois: 100 0C case temperature
- semiconductor devices: 125 0C junction temperature.

The total cycle time is 120 minutes. The stressors simulated during the cycle
are 1) steady high temperature with electrical bias and 2) thermal cycling.

2.0 HARDWARE DESCRIPTION

The test items selected for the Electronics Reliability Fracture Mechanics
Program are two serial numbers each of a digital SRU and an analog SRU from
the Hughes AN/APG-63 Radar for the F-15 aircraft (Ref. 7). They are utilized
in the radar's Programmable Signal Processor (PSP) Line Replaceable Unit (LRU)
(3137042) and are identified as follows:

SRU Assy. Number

Timing and Control 3562102

Linear Regulator 3569800

Both module types incorporate a "flow-through" design with the heat exchanger
an integral part of the module.

The Tiing and Control module is a 9x5-inch digital module. The basic module
package is an assembly of two printed wiring boards (PWBs) mounted back-to-
back with a platefin coldplate sandwiched in between which creates a channel
through which cooling air flows. The dominant part type is an integrated
circuit flatpack. The flatpack leads are formed in a "gull wing" shape and
soldered to the surface of the 1PWB. A flow-under thermal transfer adhesive is
applied under the parts.

The Linear Regulator module is a 6x5-inch analog module consisting of a single
PWB bonded to a platefin coldplate through which cooling air flows. The major
contributors to failures are three hybrid microcircuits and a power transistor
(Ql)S
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3.0 APPROACH

The environmental profile is a thermal cycle of the SRUs between ambient

temperature and higher temperatures than in normal flight conditions. The

higher-than-normal temperatures are produced by setting the coolant inlet

temperature 33 0 C higher than normal, with the coolant flow rate set at its

normal flight value (see Fig. 1).

Thermal cycling will be accomplished by turning off the module power and

simultaneously setting the coolant inlet temperature to nominally 21 0 C

(ambient temperature) (see Fig. 2). After thermal steady state is reached,

the module power will be turned on and the coolant inlet temperature will be

set at its elevated value. Thus the hardware temperatures will cycle between

nominally 21 0 C and the peak powered values. The maximum range of the resistor

and capacitor case temperatures will be approximately 80
0 C, and the maximum

range of the semiconductor junction temperatures will be approximately 100
0 C.

4.0 FLOW AND TEMPERATURE PROFILE DERIVATION PROCEDURE

The simplest thermal cycle for accomplishing the desired result was determined

as follows. A steady state thermal analysis was performed on the digital and

analog SRUs (Refs. 8 and 9). The coolant to hottest junction temperature

difference was noted. This temperature difference was subtracted from the

maximum junction temperature limit to get the coolant temperature for the test

cycle. The power off portion of the test cycle was determined by a transient

analysis of the modules (Refs. 10 and 11). The transient analysis shows time

required to reach steady state.

In the CERT, the plenum pressure will be set at a value necessary to provide

an amount of air equal to what the Timing and Control Module and Linear

Regulator Module receive in flight. The coolant inlet temperature is then

adjusted to maintain the Timing and Control module at the temperature limit.

This will result in the hottest resistor on the Linear Regulator module being

maintained at approximately 100 0 C.

5.0 OTHER ENVIRONMENTAL PROFILES

5.1 Altitude

Altitude conditions will not be simulated during the ERFM test program. The
failure mechanisms as-ociated with an altitude environment are not represented
in the ERFM test it-. These failure mechanisms are commonly recognized to
be:

o Leakage, rupture or explosion of sealed containers.
o Arcing or corona from high voltage or switching.
o Evaporation of lubricants.

Also, the effective cooling of the ERFM test items should not vary as a

function of altitude. The cards under test utilize flow through cooling air

as the primary path for removing the heat. In flight, the cooling air is

supplied by the F-15 Environmental Control System.
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5.2 Humidity

The humidity of the air surrounding the electronic modules during the various

parts of their life cycle also will not be simulated in the ERFM CERT test.

In the ERFM CERT tests, described in the companion "Environmental Design

Criteria and Test Plan" (CDRL Sequence No. 21), the modules will be cooled by

dry nitrogen gas, and the modules will not be sealed from the ambient
laboratory air. Simulation of the deployment humidity history would greatly
complicate the tests, with negligible benefit in terms of additional

information obtained.

5.3 Power

The F-15 Radar Programmable Signal Processor, consequently the ERFM test items
that are housed therein, operates in a single mode when the radar is powered.
The test items shall be powered with nominal aircraft power forms.

5.4 Vibration

As discussed in Section 1.2.2, vibration will not be applied simultaneously
with thermal cycling during the CERT. However, a separate vibration test is

planned for any of the four modules that do not fail during the CERT. The
purpose of this vibration test is to cause a short circuit, like that observed
in one of the failed field modules (Ref. 5), by trapping between electrodes

any loose conductive particle that may be inside a semiconductor package.

The test conditions are as follows:

- module operating

- vibration in single axis normal to plane of module

- sinusoidal dwell at frequency about 100 Hz (below

natural frequency of module)

- duration limited to 1 hour (about 360,000 cycles) to
avoid expending significant fraction of vibration

fatigue life of module

- level 20g peak.

Hughes will attempt to select the frequency such that the particle
displacement is approximately equal to the free space in a flatpack. The
results of work by Aerospace Corporation (Refs. 12 through 16) will be

employed.

This test differs from the particle impact noise detection (PIND) test (Ref.
17) as follows:

- It is at the module level, rather than the part
level.

- The duration is longer.
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- The parts are powered.

- The objective is producing electrical failure, rather
than merely identifying the presence of a loose
particle.
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CDRL SEQ. NO. 22
PAGE 2

SUMMARY

The predicted Failure Free Operating Periods (FFOP) of the shop
replaceable units (SRUs) in the Combined Environments Reliability Test
(CERT), to be performed in Task XI, are as follows:

SRU FFOP (CERT
NAME THERMAL CYCLES)

Timing & Control (digital) 3562102 103

Linear Regulator (analog) 3569800 106

For each P/N, the predicted FFOP is the same for each S/N built under
Task IX.

The FFOP is limited by fatigue failures of the plated through holes
(PTH) in the printed wiring boards (PWB). The fatigue life of the
semiconductor device bond wires is predicted to be more than 1 million
CERT thermal cycles. No failures from mobile ionic contamination or
surface contamination are predicted in the CERT or in deployment. The
contaminant concentration in these S/Ns of the hybrids in these analog
modules has been evaluated as being too small to ever cause a module
failure from contamination.

T-2



CDRL SEQ. NO. 22

PAGE 3

1.0 INTRODUCTION

This report documents Task X. The Statement of Work (SOW) for Task X is
reproduced below.

4.10 TASK X - PERFORM FAILURE FREE OPERATING PERIOD PREDICTIONS
(CDRL SEQ. #22)

4.10.1 The contractor shall model the SRUs selected from
para. 4.3.4 to determine the localized environmental
conditions and stresses (temperatures, stress cycles stress,
vibration) within the SRU based upon the CERT environmental
profiles developed in Task V.

4.10.2 The contractor shall predict the Failure Free
Operating Period using the models developed under Task VI for
each copy of the SRUs built under Task IX utilizing its
specific initial material properties, known defect population
and localized environmental conditions at each potential
failure manifestation location.

The SRUs selected in Task III (SOW para. 4.3.4) are described in CDRL
Sequence No. 15.

The CERT environmental profile developed in Task V is described in CDRL
Sequence No. 20 (Final Submittal, May 1990 [revised January 1991]). It
consists of thermal cycles from 210C (unpowered) to powered operation
with a coolant inlet temperature of 630C.

The models developed under Task VI and the special
fabrication/inspection performed under Task IX will be documented in the
Final Technical Report (CDRL Sequence No. 4). Tasks VI and IX also have
been documented in the Monthly R&D Status Report (CDRL Sequence No. 2),
the Quarterly Interim Technical Report (CDRL Sequence No. 3), and the
Quarterly Presentation Material (CDRL Sequence No. 8).

2.0 SRUs BUILT UNDER TASK IX

Table 1 lists the S/Ns of the two copies of the SRUs built under Task
IX, the S/Ns of the PWBs on the digital modules, and the S/Ns of the
hybrids (U1, U2, U3) on the analog modules. The six hybrids placed on
these two copies of the analog modules were selected by the ERFM program
team on the basis of the results of the special contamination screen
performed on the hybrids ordered for the ERFM program.

Attachments I and II show the locations, specified by the ERFM program
team, for selected integrated circuits on these two copies of the
digital module. The selections were made on the basis of the results of
special NDI of the ICs performed for the ERFM program. To maintain the
identity of the specially inspected ICs, the ERFM program team marked
each copy of each IC with a S/N. There is a series of S/Ns for each IC
P/N. The locations of the selected ICs are shown in Attachments I and
II by placing the S/N below its position on the map and next to its
circuit symbol.
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3.0 LIFE PREDICTIONS

Life predictions have been made for fatigue failures and for
contamination-induced failures. They are documented herein in
Attachments III and IV, respectively.
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TABLE T-1

SERIAL NUMBERS

P/N 3562102

mm EBQIPW REA

0001 3786 31074

0002 10800 71082

P/N 3569800

l~u- ul ua m
1149 11650 8355 8388

1150 11789 7941 8872
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ATTACHMfENT I

PART PLACEMENT MAP FOR

P/N 3562102, S/N 0001

ogTED FAOM F/AL k EFKT

(T N 4PfTWX N)
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ATTACHMENT II

PART PLACEMENT MAP FOR

P/N 3562102, S/N 0002

TMo FTIVA/- tTh'T

(ALRFAPY TWV APHONIX N)
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ATTACHMENT III

FFOP PREDICTION
FOR

FATIGUE FAILURES
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Nominal Data. Continued.

CATALOG NAME VERTEX HE-MOD BLADESH BASE SH BASE OR SHOWDSH SHOLDOR LATHFSH LATHFOR

40-0944 Enaot 7 L S E N S T S £

40-0405 Ensor 7 D S R N I B S E

43-0030 Enaor 7 D S I N I B I E

43-0400 Ensor 7 L I R N I T R E

44-0716 Enaor 7 D S E N S B S E

35-2175 Enaor 0
36-3000 Enaor 0
35-2908 Enaor
41-0435 Ensor 0
35-2637 Enaor 0
35-2451 Enaor 0
36-3597 Enaor 0
36-3551 Enaor 0
36-4212 Enaor 0
36-3066 Enmor 0
35-2356 Enarc 0
35-2654 Ensor 0
41-0210 Ensor 0
36-3503 Ensor 0
35-2889 Ensot 0
41-0099 Ensor 0
38-0023 Ensor 0
40-0186 Enaor 0
41-0056 Enaor 0
44-0190 Ensor 0
36-4249 Enar 0
38-0811 Ensor 0
41-0355 Enaor 0
37-0663 Enaor 0
36-3422 Enar 0
40-0573 Enaor 0
44-0712 Enaor 0
44-0790 Enaor 0
40-1038 Enaor 0
44-0148 Ensor 0
37-0778 Enaor 0
36-3652 Enaor 0
37-0774 Enaor 0
36-3455 Ensor 0
44-1494M Ensor 0
44-1041K Enaor 7 L S E N I H I E

44-1407M Enaor 7 L S S N S I E

44-0644 Ensor 0
44-0926 Ensor 0
50-0010 Enaor 7 L S E N I B I E

50-0011 Enaor 7 L I E N I T E £

35-2956 Fresno 3 X S I N X X X X

41-0031 Fresno 3 X S S N X X X X

38-0483 Fresno 3 x S S N X X X X

35-3141 Frio 7 L I R N I H S E

36-3102 Frio 7 L I R N I H S E

36-4182 Frio 7 L I R N I H S E

36-4027 Frio 7 L I R N I H S E

35-3140 Frio 7 L I R N I H S E

36-3632 Frio 7 L I R N I m S E

35-2446 Frio 7 L S R N S T I E

36-3882 Frio 7 L S R N S T I E

41-0089 Frio 7 L S R N S T I E

35-2149 Frio 9 L S I N I B A E

35-3073 Frio 9 L S I N I B A E

41-0003 Frio 9 L S I N I B A E

38-0046 Frio 7 L S I N I H A V

40-1282 Frio 7 D 8 R N I B I E

40-0978 Frio 7 D I R N I B I E

36-3889 Frio 0
38-0001 Frio 0
38-0194 Frio 0
36-3962 Frio 0
50-0093 Frio 7 L 8 R N I T I E

35-2635 Godley 7 0 E E N S T S E

36-3507 Godley 7 D S E N I T I 9

35-2009 Godley 7 D 5 E N I T I £

35-3068 Godley 7 D S E N I T I E

36-3509 Godley 7 D S E N I T I E

41-0103 Godley 7 D S E N I T I E

35-2018 Godley 7 D E E N S T I C

35-2806 Godley 7 ) E E N I T I E

37-0631 Godley 7 D 9 E N I T I K

36-4258 Godley 7 D E E N I T I E

35-3032 Godley 7 D £ £ N I T I E

35-3128 Godley 7 D E E N I T I z

35-3142 Godley 7 D S £ N I T 3 E

40-0164 Godley 7 D S E N I H I E

43-0046 Godley 7 D S S v I T I C

44-0825 Godley 7 D S 9 N S H I E

36-0654 Golondrina 3 X K R N X X X X

(Table continues on the followng page,)
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Nominal Data. Continued.

CATALOG NMAE VERTEX HEMOD B.ADESH BASE_SH A _OR SHOLD_SH SHOLOR LATHFSH LATHFOR

36-4297 Golondrina 3 X & R N X X X X
40-0980 Golondrina 3 X R R N X X X X
35-2214 Gower 7 D E R N I H S P
35-2890 Gower 7 D S I N S H E V
35-3121 Gower 7 D S I N S H E V
36-3924 Gower 7 D S R N S T E V
35-3159 Gower 7 D S R N S T E V
36-3481 Gower 7 D S R N S T E V
36-3009 Gower 7 D S R N S T S E
41-0366 Gower 7 D S L N S T S E
36-3495 Gowaer 7 D & R -N I T S E
37-0673 Gower 5 D S I N X X E V
40-1309 Gower 5 D S I N X X R P
40-1161 Gower 7 D E R N I T S E
40-1306 Gower 7 D E R N S T R E
43-0359 Gower 5 D E I 3 X X B P
43-0076 Gower 7 L E I a I T R E
43-0349 Gower 5 L S R W X X E P
43-0124 Gower 7 D E I N S T S P
44-0287 Gower 7 D E I N S T S P
44-0276 Gower 7 D E A N E T S E
44-0776 Gower 7 L E I N I T S E
38-0844 Gower 0
44-0833 Gower 0
35-3052 Lange 7 D S S N I B S E
35-2854 Lange 7 D S S N I B S E
35-3090 Lange 7 D S S N I B S E
41-0388 Lange 7 D S S N I B S E
35-2985 Lange 7 D E S N I B S E
36-3508 Lange 7 D E S N I B S E
36-4330 Lange 7 D E S N I B S E
41-0057 Lange 7 D E S N I B S E
35-3083 Lange 7 D E S N I B S E
36-3542 Lange 7 D S R N I B A E
35-2388 Lange 7 D S I N I H R E
38-0858 Lange 7 D S E N I B I E
40-0185 

T ange 7 D S S N I H S E
37-0057 Lange 0
44-1043M Lange 7 D S S N I B S N
44-1320 Lange 7 D S S N I B S E
35-3034 Marcos 7 D E S N I B I E
44-0440 Marcos 7 D E S N I B I E
41-0062 Marcos 7 D S 5 N I B I E
35-3123 Marcos 7 D S E N I B I E
36-3575 Marcos 7 D S I N I B S E
35-2394 Marcos 7 D S R N R B S E
37-0734 Marcos 7 D I I N S 8 I E
35-2938 Marshall 7 D S S N I B S E
35-2464 Marshall 7 D S S N I B S E
35-2858 Marshall 7 D S S N I B S E
43-0295 Marshall 7 D S S N I B S E
35-2157 Marshall 7 D E S N I B I E
36-3104 Marshall 7 D E S N I B I E
35-3013 Marshall 7 D E S N I B I E
36-4282 Marshall 7 D 5 S N I B I E
35-3144 Marshall 7 D E S N I B I E
35-2430 Marshall 7 D S S N I B S P
37-0503 Marshall 7 D S I N S B I E
36-4174 Marshall 7 D S I N S B I E
41-0002 Marshall 7 D 9 I N S B I E
35-0166 Marshall 7 D S S N I B E E
35-2636 Marshall 7 D S S N I B E E
36-4271 Marshall 7 D E E N S B I C
37-0633 Marshall 7 D S S N S B I E
37-0628 Marshall 7 D S S N S B I E
35-3155 Marshall 7 D S S N S B I E
40-1275 Marshall 7 D S 5 N S B I E
36-4291 Marshall 7 D S S N S B I E
35-3055 Marshall 7 D R E N I B S E
35-2874 Marshall 7 D S S N I B I E
38-0099 Marshall 7 D S S N I B I E
40-0355 Marshall 7 D S S N I B I E
40-0527 Marshall 7 D 5 S N I B I E
36-3692 Marshall 7 D S I N I B S E
41-0426 Marshall 7 D S I N I B S E
44-0473 Marshall 7 D E S N I B S P
35-2887 Marshall 7 D E S N I B S P
35-3014 Marshall 7 D E I N I B R E
36-3074 Marshall 7 D E S N I B S E
35-3104 Marshall 7 D S I N S B R E
37-0756 Marshall 7 D E E N I B S E
43-0405 Marshall 7 D S I N S H I E
44-0296 Marshall 7 D I R N S B I E
44-0472 Marshall 7 B I S N S B S E
35-2980 Marshall 0
35-2156 Marshall 0

(Table continues on the followinq page.)
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INTERDEPARTMENTAL CORRESPONDENCE

To: J.M. Kallis c: Distribution Date: 18 Dec. 1990
Org: 72-26 Ref: 722630/1284

Subject: ERFM CERT FFOP From: L.B. Duncan
Predictions Org: 72-26-30

Bldg: E01 MS: D102
Loc: ED Phone: 616-0924

Failure Free Operating Period (FFOP) predictions were made for F15 Digital and Analog modules undergoing
Combined Environments Reliability Test (CERT) as part of the Electronics Reliability Fracture Mechanics
(ERFM) program. Specifically, fatigue life predictions were made for 1 mil diameter interconnect wires and
plated-through-holes (Pnlbh) undergoing dxmal cycling. The FFOP predictions an as follows:

• Digital Modules: I thousand CERT themal cycles
* Analog Modules: 1 million CERT dmal cycles

The FFOP is predicted to be limited by PIH fatigue. The wire interconnects in the digital modules are
predicted to last more than 0.5 million CERT thermal cycles, and those in the analog module are predicted to
last more than I million CERT thermal cycles.

The attached report describes the analyses that were performed to support the predictions

Prepared by: zs aSi /

Structural Mechanics Department
Product Analysis Labortory
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IDC 722630/1284 18 DECEMBER 1990

1.0 INTRODUCTION

Failure Free Operating Period (FFOP) predictions were made for F15 Digital and Analog modules undergoing
Combined Environments Reliability Test (CERT) as part of the Electronics Reliabilty Fracture Mechanics
(ERFM) program. Specifically, fatigue life predictions were made for 1 mil diameter interconnect wires and
plated-through-holes undergoing thermal cycling.

2.0 SUMMARY

The FFOP predictions are as follows:

" Digital Modules: 1 thousand CERT thermal cycles
" Analog Modules: I million CERT thermal cycles

The FFOP is predicted to be limited by PTH fatigue. The wire interconnects in the digital modules are
predicted to last more than 0.5 million CERT thermal cycles, and those in the analog module are predicted to
last more than 1 million CERT thermal cycles.

3.0 BACKGROUND

3.1 WIRE INTERCONNECT POWER (THERMAL) CYCLING

Small diameter (0.001 inch) AI-l% Si wires are used in F- 15 APG-63 integrated circuits and hybrids to
provide electrial connections between chips and leadframes. The interconnect wires are ultrasonically bonded
to the chips and the leadframes as described in Reference 1. The bonding process changes both the geometry
of the wire cross section and the surface finish. At the bond, the round cross section of the wire is
transformed into a rectangular geometry over a very short length of wire. An unsupported "heel" section,
approximately a few tenths of a wire diameter in length, connects the round wire to the part of the wire that is
actually bonded to the adjoining structur. The heel secion is typically a few mils wide and 2 to 3 tenths of a

il thick The surface of the heel region is characterized by deep, crack-like defects.

The interconnect wire has a coefficient of thermal expansion (CE) that is different from the structurs to
which it is attached. As such, when the wire changes temperature due to temperature cycling and/or power
cycling of the device, the wire changes length relative to its bonded ends. The change in length causes the
wire arch to deform which induces rotation and bending at the wire heel Repeated thermal cycling can lead to
fatigue failure if the cyclical stresses are high enough.

3.2 PLATED-THROUGH-HOLE THERMAL CYCLING

Plated-thru-hole thermal cycling fatiguewhich is discussed in detail in References 2 and 3, is primarily due to
the mismatch of copper and PWB laminate through-thickness CME. When a FrH/PWB structure is subjected
to a change in temperature, the laminate grows or shrinks at a higher rate tbhn the copper PTH. he PTH
tends to restrain the laminate, but in doing so incurs substantial strain. Ifit echange m tperature is large
enough, the FrH can be strained well beyond the yield strength of the copper. Large cyclical plastic strain can
eventuate in low-cycle fatigue and failure in fewer than 10,000 cycles.

Many other parameters affect the interaction of the FrH and the PWB. Discussions of some of the mom
significant parameters follow.

1
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IDC 722630/1284 18 DECEMBER 1990

ITH thickness and diameter: FMT fatigue life increases as the FH barrel thickness and diameter
increase. The PTM stiffness increases as the annular cross-sectional area increases, and it is mor able to
resist the thermal expansion of the PWB laminat.

Laminate thickness: PTH faigue life tends to decrease as laminate thickness increases. It has been
observed that PWB through-thic ss tends to increase as the lsminat thickness increases (Reference 2).
Thicker laminates often have a higher resin content than thinner laminates (less than 0.060 inch.). Resin
(epoxy or polyimide) has a much higher CT than the glass cloth laminat reinfoi emet and, as such,
increases the CTE of the resin/glass cloth composite. In addition, for a given PIE diameter, a thicker PWB
provides a larger effective volume of material to structmrlly intect with the FI which results in higher Fil
thermal strains and shorter fatigue life.

Copper fatigue ductility: FFM copper ductility increases low-cycle fatigue life. Given a high level of
plastic strain, a ductile copper will last longer than a srnger but less ductile copper.

Copper strength: If thermally induced swrains in the copper are below the yield point, a sronger copper
will have a longer fatigue life than a less srong but mor ductile copper.

Matrix Glass Transition Temperature, Tg: It is often assumed that the laminate matrix (resin) has a
bilinear CT wherein a wransition occurs at the glass transition temperature, Tg of the matrix. The glass
tansition terpeture is the value at which the matrix softens and the CrE increases dramatically. Epoxy has
a CTE of 30 - 90 ginfml*C below Tg and over 200 pin//C above Tg (Reference 2). In the present analysis,
Tg was assumed to be 1250C, which is higher than the upper limit of the CERT.

Additional issues: As stated in Reference 2, 7TM barrel fatigue failures are usually observed to occur near
the cenwal region of the barrel (near the center of the PWB laminate). h is believed that copper ductility can be
less at the center of the laminat where it is more difficult to assure u ifo ransport of the FIX copper
plating solution. Also, resin-rich pockets tend to occur near the center of the laminate where it is mote tdfficult
to ex ict excess resin during the PWB fabrication process. These resin-rich areas are potential sites for 711
strain concentration due to the high CTE of the resin.

4.0 FFOP PREDICTIONS

4.1 CERT THERMAL CYCLING ENVIRONMENT

The CERT thermal cycling environment is shown in Figure 1. The powered portion of the profile specifies a
63 0C coolant inlet temperature. The powered condition is followed by transient periods wherein the inlet
temperature of the coolant is reduced to 21 C, held for 60 minutes, then raised to 630C and held for 60
minutes.

CERT transient thermal analyses were performed to predict component and mounting surface temperatures for
the analog (Reference 4) and digital modules (Reference 5). The analyses predicted that both component and
surface temperte were higher for the digital module which has a total power dissipation of 47.8 Watts.
The analog module has a total dissipation of 7.8 Watts.

Temperatm obtained from the CERT therml analyses were used for the FFOP predictions. The wire
interconnect temperature was taken to be equal io the highest junction ftmperature. The t was
assumed to be constant over the endre length. The PTI temperaure was assumed to be identical so the
highest mounting surface temperature on each of the digital and analog modules.

2
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The maximum junction temperatures for the digital and analog modules were as follows:

• Digital module: 134*C, component 932820, U1508, Ref. 5.

* Analog module: 1000C, component H990446-O0lB, U4, Ref. 4.

The maximum mounting surface temperatures for the digital and analog modules were as follows:

* Digital module: 1050C, under component 905570-73B, C151,Ref. 5.
* Analog module: 77*C, under component 928765-502B, Qi, Ref. 4.

4.2 WIRE INTERCONNECTS

Analyses were performed by Fail Analysis Associates (FaAA) to predict wire inteconnect fatigue life for
power cycling (Reference 1). Predictions were made for maximum wire currents of 1 to 1.5 amps. The
temperature distribution along the length of the wire was computed and used to predict the bond heel rotation
by means of finite element analysis. The associated wire strain range was used as input to a fracture
mechanics analysis to predict crack propagation life. It was assumed that the crack initiation period was
insignificant due to the very crack-like initial defects that typically are present at the wire bond heel

Additional analysis performed by FaAA (Reference 6 and Appendix A) determined bond heel rotation for a
uniform wire tempeature of 134 0C (digital module) relative to the adjoining structures. This condition was
found to be equivalent to a power cycling current of 1.1 amps. A current of 1 amp results in a bond heel
rotation equal to that caused by a uniform temperature of 100 0C (analog module).

Wire bond power cycling fatigue data obtained at SwRI and Hughes (Reference 7) exhibited substantial scatter
as was expected. FaAA analysis demonstraed that the observed scatter could be accounted for by considering
a range of initial defect (crack) depths of 0.002 to 0.16 mil in the (assumed) 0.33 mil thick heel region. In the
present analysis, the largest calculated defect depth (0.16 mil) was taken to be the largest wire interconnect
defect in the CERT hardware.

The fatigue lives for the given conditions are obtained from Figure 15 of Reference 1 (see rIendix A of this
report). The wire interconnect fatigue lives are approximately I million cycles for the digital module (1340 C,
1.1 amps) and 2 million cycles for the analog module (100*C, 1 amp).

In general, it is good pracnice (and often a requirement) to include factors of safety in a fatigue life prediction to
account for uncertainties in material properties, geometry, load levels, etc.. The magnitude of the assumed
factor of safety depends upon the criticality of the prediction and the confidence to which important parameters
are known. With regard to low-cycle fatigue life prediction, it is not uncommon to require a factor of safety of
as much as 10 when stuctural failure would jeopardize the operational integrity of a component and important
analysis parameters are not well known. For these ERFM FFOP predictions, a factor of safety of 2 is
considered to be reasonable since the important analysis parameters are fairly well known by virtue of
extensive expr ntation at SwRI.

Therefore, applying a factor of safety of 2, the FFOP prediction is 0.5 million CERT thermal cycles for the
digital module and 1 million CERT thermal cycles for the analog module..

4.3 PLATED-THROUGH-HOLES

At this time, the FaAA PTH fracture mechanics based fatigue crack initiation and pmpagation life models am
under developmenL Therefore, in order to make CERT test FFOP predictions, the approach described in

3
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Refereuce 2 was adopted. The approach utilizes strngth of materials models to predict FMl stain as a
function of PTH and laminate geometry and material properties. The predicted copper strain range is input to a
modfied Mmsns universal slopes strain-life equation (Reference 8) to calculate cycles to failure. In this
approach, crack initiation and crack propagation are not treated explicitly. Rather, it is assumed that overall
failure (fracture) of the FrH barrel occurs at the predicted number of cycles.

The subject analysis is presented in Appendix B. Various analysis parameters were adjusted to account for
knowledge gained from the ERFM FMl thermal cycling tests performed at SwRI and by PTH thermal cycling
finite element analysis performed by FaAA. Specifically, the following parameters were assumed:-

Coe ,Material ametwe

Young's Modulus = 16 MSI
Modulus after yielding = 0.1 MSI
CTE = 17 ~in~nPC
Ultimate Strength = 35 KSI
Yield Strength = 25 KSI
Fatigue Ductility = 0.14

PWB Clhru-Thickness) Material PruXrties

Young's Modulus = 0.5 MSI
CTE= 85 ginWC

PWB thickness = 0.1 in (digital), 0.036 in (analog)
PTH diameter = 0.026 in
PTH thickness = 0.0015 in

Finally, the copper fatigue ductility coefficient was chosen to calibrate the fatigue life algorithm to the observed
failures of FrHs which were subjected to the MIL-T thermal cycling test profile (Reference 9) at SwRL The
assumed value of 0.14 was less than measured copper foil elongation (0.18, SwRI measurement of ERFM
PTH copper foil) but is consistent with the belief that ductility at the center of a PTH can be relatively low.

Given the above, PIM fatigue failure was calculated to occur after 1995 CERT thermal cycles for the digital
module and after 2.5 million thermal cycles for the analog module.

Applying a safety factor of 2 (as in Section 4.2) and rounding to one significant figure, the following FFOPs
are predicted for the ?T-s:

" Digital module: 1 thousand cycles
* Analog module: 1 million cycles.

5.0 CONCLUDING REMARKS

A fracture mechanics based life model was used to predict wire inmonmect CERT fatigue life. Since fracture
mechanics based models are not yet available for PTHs, a Coffin-Manson strain-life approach was utilized for
the CERT prediction. The calculated fatigue lives were reduced by a factor of safety of 2 on life to establish
the predcted FFOPs. The factor of safety is intended to account for various material property uncertainties.

4
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FailureAnalysis Eneeft md Scientfic
149 CofnonwedM Dilve. P.O. Box 3015
Ms o Pa. C 9405

Asso iates, (415) 3264m] Teiex 704216 Fm (415) 3268072

July 26, 1990

Mr. Larry Duncan
Hughes Aircraft Company
Electro-Optical and Data Systems Group
BMW . EO/E01, M/S D102

El Segundo Blvd.
El Segundo, California 90245

Subject: Wire bond rotation for uniform temperature change.

Dear Larry:

Enclosed are some additional plots of results from our wire power cycling analysis.
Figure 1 shows a companson between wire temperature distributions for the four
current values analyzed. The convective heat transfer coefficients used in each case
and the maximum wire temperatures are summarized in Table 1. Figure 2 shows a
plot of wire bond heel rotation as a function of current squared from the beam
model analyses.

I ran the thermo-elastic analysis of the wire bond with uniform temperature that you
requested last Monday. Element temperatures over the entire length of the wire
loop were set to 134C (273°F). The coefficient of thermal expansion, a, for the
wire was given a value of 9.8x104 "F', the difference between aluminum,
7AW= 13.8x104 OF', and alumina, )z.hO3=4.0xl04 *F'. The resulting bond heel
rblation was computed to be 3.3x1"rdians. Interpolation in Figure 2 indicates
that this same rotation is predicted for a current of 1.1 amps in a wire bonded to an
alumina carrier which is maintained at room temperature.

If you have any questions or comments regarding these results, please call us. I will
be out of the office until August 6, but Dave will be here.

Robert A. Sire
Senior Engineer
Fracture Mechanics Group

Enclosures (3)

ftm A00YO AuodWe ft.. a.*ol 0~Wd &00CW011t FORM TheV VCeGI.
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Convective Heat Transfer Coefficients
and Maximum Wire Temperatures

as a Function of Current for
SwRI Power Cycling Test Wires

D = 0.001 inch
L = 0.045 inch

I (amos) h (W/in2 -C) Tmax (-F)

1.0 0.42 319
1.2 0.46 493
1.4 0.48 858
1.5 0.55 1213
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Figure 15 of Reference 1

T-31



00

w .w

[gin L '
a..

CD egm -

laU) 4

C . 0o CLm

Lu -.1 t

3 0 4 g
*0 L. C4

'-4 0
0 J .0

co

U, Us

to

4 L t
U+

4

0 CD co N v CDwiN

N' 4 ' 4 C 0c C C C'4
(3dm.) ;uSjjflo

FaAA-SF-R-90-0-15, Rev. 1

T-32



IDC 722630/1284 18 DECEMBER 1990

APPENDIX B

PLATED-THRU-HOLE CERT FFOP PREDICTION
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Fatigue Life Prediction for Digital Module PTHs
Subjected to MI-T test Thermal Cycling
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This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented In the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermal
cycling temperatureane poq.i.nterest.

1. The following is a calculation of the Digital module PTH total strain range
for the Mil-T test temperature range of -650 to +1250. It is assumed that the
copper PTH complies totally to the expansion of the PWB laminate.

Material Properties

apw - 85.10 - CTE of PWB (in/ir/deg C)

,- 17.10- 6 CTE of Copper (inAn/deg C)

Act . ,pwb - cu
6.8x10 " - 6.8x10 "5

Tmx = 125 Max Temperature (deg C)
Trin = - 65 Min Temperature (deg C)
AT = Tmrx-Tmin

190 = 190

Compute total strain range in PTH.

Ae = (AmIAT). 100 Total strain range in PTH (%)
1.292 - 1.292

2. Calculate total strain range in the PTH according to the equations presented
in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Additional Material Properties

Sy - 25000 Copper yield stress (PSI)
E - 600000 Epoxy elastic modulus (PSI)

Ecu= 16.106 Copper elastic modulus (PSI)
E'CU 0.1. 1 o6 Copper plastic (bi-linear) modulus (PSI)

Definitions
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h = 0.1 PWB laminate thickness (in)

d = 0.026 PTH outer diameter (in)

t = 0.0015 PTH barrel thickness (in)

SY Copper yield strain (in/in)
ev = Ecu ....

0.0015625 = 0.0015625

" = (d 2 - [d- 2 J2) PTH barrel cross-sectional area (inA2)
4

0.00011545 = 0.00011545

= h+d]-_d2) Laminate effective cross-sectional area (in2)
4

0.011938 = 0.011938

2A. Stress in PTH assuming linear elasticity (PSI)

A E. +AcuEc
1.5786x10 = 1.5786x10s

2B. Stress in PTH accounting for yielding (PSI)

26085 = 26085

Total strain in copper accounting for yielding (in/in, %)

ACe= (-,+ p 100
1.2415 = 1.2415

Note that this value is about equal to free thermal
strain, FTS (in/in)

FTS - AcAT
0.01292 = 0.01292
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20. Compute strain-life curve and plot against
total strain in PTH

Material Properties

SU . 3.5;. 104 Copper Ultimate Strength (PSI)

Djf= 0.14 Copper Fatigue Ductility

Ac =loo1c9-0 oD,.75+ 09 5U 0 (f~1785100000)

100

2 K 4

Graph is a plot of % total strain range vs. cycles to failure (1 OAX) for the
parameter values listed . Also shown is a plot of PTH total strain range (1.24%)
which intersects the life curve at approximately X=2.3, or 200 cycles to failure.
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B-2

Fatigue Life Prediction for Digital Module PTHs
Subjected to CERT Thermal Cycling
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This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented in the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermal
cycling temperature range of interest.

1. The following is a calculation of the Digital module PTH total strain range
for the CERT test temperature range of 21 C to +105C. It is assumed that the
copper PTH complies totally to the expansion of the PWB laminate.

apwb= 85.10- 6 CTE of PWB (in/in/deg C)

acu 17.10- 6 CTE of Copper (in/in/deg C)
Am apwb-acu
6.8x10"1 - 6.8x.0 "5

Tiex = 105 Max Temperature (deg C)
Tmin = 21 Min Temperature (deg C)
AT = Tmax-Tmm

84 = 84

Compute total strain range in PTH.

Ae = (AmAT). 100 Total strain range in PTH (%)
0.5712 = 0.5712

2. Calculate total strain range in the PTH according to the equations presented
in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Material Properties

S,= 25000 Copper yield stress (PSI)
Ee= 500000 Epoxy elastic modulus (PSI)
E= 16.10' Copper elastic modulus (PSI)
Epcu= 0.1.10' Copper plastic (bi-linear) modulus (PSI)

Defintions

h = 0.1 PWB laminate thickness (in)

d = 0.026 PTH outer diameter (in)
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t = 0.0015 PTH barrel thickness (in)

Sy Copper yield strain (in/in)= ....

0.0015625 = 0.0015625

cu = f( d 2 - [d - 2 t] 2) PTH barrel cross-sectional area (inA2)
4

0.00011545 = 0.00011545

Ae = !qh+ d]-d 2) Laminate effective cross-sectional area (inA2)
A

0.01.L938 = 0.011938

2A. Stress in PTH assuming linear elasticity (PSI)

e = AcLATAcEe c
AeEe+AcuEcu

69793 = 69793

2B. Stress in PTH accounting for yielding (PSI)

G~~rsEcu5Ep" iAEcAuu

25366 = 25366

2C. Total strain in copper accounting for yielding (inin, %)

ACU- (e+ O' 100
0.52214 = 0.52214

Note that this value is about equal to free thermal
strain, FTS (in/in)

FTS = &ctT
0.005712 = 0.005712

2D. Compute strain-life curve and plot against total (IPC) strain in
PTH
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Additonal material properties

Df- 0.15 Copper Fatigue Ductility
Su-3.5- Wo Copper Ultimate Strength (PSI)

10 Ioft 079 OSDjI.75 + 0.9 E"I 0.36 .781 01

2 X 4

Graph is a plot of % total strain range vs. cycles to failure (1 OAX) for the
parameter values listed. Also shown is a plot of PTH total strain range (0.52%)
which intersects the life curve at approximately X=3-3, or 1995 cycles to failure.
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B-3

Fatigue Life Prediction for Analog Module PTHs
Subjected to CERT Thermal Cycling
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This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented in the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermalcycling tem.per.ature.range, of interest.

1. The following is a calculation of the Analog module PTH total strain range
for the CERT temperature range of 21 C to +77C. It is assumed that the copper
PTH complies totally to the expansion of the PWB laminate.

apwb - 85.10-6 CTE of PWB (in/ir/deg C)

-cJ 17.10 -6 CTE of Copper (inAn/deg C)
~( - pwb - cu
6.8x105 = 6.8xi0"-

Tmax = 77 Max Temperature (deg C)
Tmin = 21 Min Temperature (deg C)
AT = Tmax-Tmin

56 = 56

Compute total strain range in PTH.

,Ae = (AcxAT). 100 Total strain range in PTH (%) assuing the PTH
does not restrain the PWB

0.3808 = 0.3808

2. Calculate total strain range in the PTH according to the equations presented
in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Define material properties

SY - 25000 Copper yield stress (PSI)
., - 500000 Epoxy elastic modulus (PSI)
Ec= 16.10' Copper elastic modulus (PSI)
o= 0.1. 10' Copper plastic (bi-linear) modulus (PSI)

Definitions

h = 0.036 PWB laminate thickness (in)
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d = 0.026 PTH outer diameter (in)

t = 0.0015 PTH barrel thickness (in)

Y .Copper yield strain (in/in)

0.0015625 = 0.0015625

AcU = 4 (d2- [d-2 t?) PTH barrel cross-sectional area (in A2)

0.00011545 = 0.00011545

= (h + d]-d 2) Laminate effective cross-sectional area (inA2)
4

0.0024881 = 0.0024881

2A. Stress in PTH assuming linear elasticity (PSI)

ia -AoLTA~e& C
AE 6 +A.uEcu

24520- 24520

2B. Stress in PTH accounting for yielding (PSI)

~ECU4~CU A~+c~
24993 = 24993

2C. Total strain in copper accounting for yielding (in/in, %)

0.14886 = 0.14886

Note that this value is much less than the free thermal strain, FTS (in/in, %)

FTS = (ACAT). 100
0.3808 = 0.3808

2D. Compute strain-life curve

Define additional materal properties
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Su=3.5-104  Copper Ultimate Strength (PSI)
Dfm 0.14 Copper Fatigue Ductility

Ac- 100[(1A~c - 0'6 D?7 + 0.9 Ec- 1(0.36)(1

Plot strain-life curve against (IPC) total strain in PTH

.-

2 x 4 6

Graph is aplot of % total strain range vs. cycles to failure (1 OAX) for the
parameter values listed. Also shown is aplot of (IPO) PTH total strain range
(0. 14%) which intersects the life curve at appro;.rnately X=-6.4, or 2.5 million
cycles to failure.
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INTERDEPARTMENTAL CORRESPONDENCE

J.1. Kallis D.W. Buechler DATE 28 January 1991
O . :i72-26 J.L. Cook '7641.20/2011ORG: N.D. Norris REF:

FFOP Predictions for D.H. Van WesterhuyzeAo J.J. EricksonSUJC:the ERFM Program J.A. Zelik oRG: 76-41-20

El3 MAILSTA. C132
.EO PHONE6 6 57 9

Based on the experimental data obtained from the Hybrid Contamination
Screen plus the model that has been developed for mobile ionic
contamination, it is predicted that the negative voltage regulator
hybrids will not fail due to either mobile ionic contamination or
surface contamination during the CERT (Combined Environments
Reliability Test) that is performed for the ERFM (Electronic
Reliability Fracture Mechanics) Program. Therefore, the predicted
FFOP (Failure Free Operating Period) for these mechanisms in the
hybrids is infinite.

As part of the ERFM Program, some P/N 3569800 negative voltage
regulator hybrids that failed in the field were analyzed and
determined to have failed due to mobile ionic contamination. The
mobile ionic contamination caused the gain of one of a pair of
matched PNP transistors in the hybrid to decrease. This, in turn,
caused the output voltage of the hybrid to become more negative to a
point where the module containing the hybrid failed.

Other failed negative regulator hybrids were determined to have
failed from surface contamination which caused the resistance of a
thick film resistor in the hybrid to decrease. This resulted in the
hybrid output voltage becoming less negative until the module
containing the hybrid failed.

Figure 1 shows the circuit schematic for the negative regulator
hybrid. The matched pair of transistors are Q1 and Q2. The resistor
that was affected by the surface contamination is Rl.

HYBRID CONTAMINATION SCREEN

Ten negative regulator hybrids were built for this program. These
hybrids were subjfcted to a series of tests referred to as the Hybrid
Contamination Screen. These tests included biased bakes (both
reverse bias and normal bias conditions) and unbiased bakes in order
to determine whether these devices would tend to exhibit any
indication of the mobile ionic contamination or surface contamination

697C CSFES2
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failure mechanisms. Following each test in the series, the
parameters for the hybrids were recorded along with additional
electrical data for each hybrid. The devices were also monitored for
indications of these specific failure mechanisms plus any indications
of any other problems that might have been exacerbated by these
tests.

The Hybrid Contamination Screen resulted in the output voltage of
nine of the ten hybrids becoming more negative indicating that these
devices were being affected by mobile ionic contamination. Figures
2A through 2C are graphs showing the output voltages of the ten
hybrids at each step in the Hybrid Contamination Screen. There was a
wide range in the magnitude of the voltage change with some devices
staying within specification limits while others were well beyond the
limits. This indicates a wide range of the amount of contaminant
within the different devices. The devices tended to reach their
worst output voltage condition after the HTRB (high temperature
reverse bias) test which was the first test in the sequence of tests.
Those devices that had the largest voltage changes after the HTRB
test recovered slightly in subsequent tests, but those devices which
had smaller changes after the HTRB test were relatively stable
throughout the rest of the series of tests. The devices were
subjected to a total of about 450 hours at 1250C with 48 hours of
these under HTRB conditions.

The hybrids selected for location U2 in the specially fabricated/
inspected SRUs are S/Ns 7941 (Figure 2B) and 8355 (Figure 2C). (All
of the field failures analyzed were U2 hybrids.) For both of these
S/NS, the HTRB caused the output voltage to shift more than the
amount allowed by the hybrid specification (0.06V) but less than the
allowable amount at the module level (0.25V). In other words, the
hybrid output voltage shift was not large enough to cause a module
failure.

The hybrids selected for location U3 are S/Ns 8872 (Figure 2A) and
8388 (Figure 2B). The HTRB caused the output voltage of these S/NS
to shift 0.12V.

The Hybrid Contamination Screen did not reveal any indication of the
surface contamination problem. None of the hybrids output voltages
became less negative. Also, the value of the resistor which is
critically affected by this mechanism was monitored following each
test. No significant changes in the value of this resistor (or any
of the other accessible resistors) were noted at any point in the
Screen.

IONIC CONTAMINATION MODEL

A model was developed for mobile ionic contamination in order to
predict the behavior of the hybrids under various operating
conditions. The mobile ionic contamination causes changes in the

2
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gain of one transistor of a matched transistor pair in the hybrid
which, in turn, causes changes in the hybrid's performance. Figures
3 and 4 show a photograph of one of these transistors and a drawing
representing the cross-section of the transistor. This model assumes
that the mobile ionic contaminant is sodium that had been introduced
under the transistor's metallization during the metallization
deposition. The base-emitter junction which is affected by the
contamination is initially separated from the sodium by one micron of
silicon dioxide glass. (Figure 5 is a diagram representing the area
over the base-emitter junction previously discussed.) As time
passes, the sodium diffuses through the glass toward the base-emitter
junction. Initially, when the sodium is near the glass/metallization
interface it has little effect on the base-emitter junction.
However, as it diffuses into the glass and gets closer to the
junction, it has a larger effect and begins to induce a significant
amount of charge in the silicon. The model calculates the amount of
surface charge induced in the silicon for a given distribution of
sodium ions in the glass.

The induced surface charge in the silicon produces degradation of the
transistor's gain. This, in turn, causes a change in the hybrid
output voltage which has been determined by a computer circuit
simulation.

Figure 6 is a graph generated from the model showing the relative
amount of surface charge induced in the silicon versus time for
various temperatures under conditions of normal hybrid bias or no
bias. For a particular initial sodium ion concentration, the time
required for this to have its maximum effect even at a temperature of
125 0C would be several thousand hours under conditions of normal
hybrid bias or no bias.

However, the HTRB test performed in the Hybrid Contamination Screen
caused a large change in the hybrid performance in only 48 hours of
reverse bias. Also, additional temperature exposure under conditions
of no bias or normal bias did not result in any further degradation
of the hybrids; in some cases, it improved their behavior.
Obviously, the reverse bias condition has accelerated the diffusion
of the sodium.

In the case of the unbiased transistor, the sodium ions will tend to
diffuse due to concentration gradients until an equilibrium condition
is reached where the sodium ions are evenly distributed throughout
the glass. At this point, the distribution of the ions can be
represented in the model by a layer of sodium ions halfway between
the metal and the silicon, inducing a charge in the silicon equal to
one half the charge on the sodium ions. This would represent the
worst case condition for that particular transistor. If at this
point the hybrid voltage output is within specification limits, it
will never get any worse due to mobile ionic contamination in the
transistor.

3
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However, if the transistor is subjected to reverse bias conditions, a
field can be induced in the oxide (and also at the surface of the
silicon) that will tend to drive the sodium ions beyond their
unbiased equilibrium condition. That is, a distribution could be
generated where the "average position" of the sodium ions is
represented by a layer of sodium ions that is beyond the halfway
point or closer to the silicon than in the nonbiased case.
Apparently, this is what occurred in the HTRB that was performed on
the hybrids. The sodium ions were driven beyond the halfway point
and then with additional time, proceeded to recover slightly when the
"average position" of the sodium ions moved away from the silicon.

The model for the mobile sodium ion concentration was modified to
include the effect of a reverse bias field. This modification
predicted that the HTRB time of 48 hours at 1250C would drive the
sodium ions beyond the halfway point as illustrated in the graph
shown in Figure 7.

Therefore, based on both the results of the Hybrid Contamination
Screen and the mobile ionic cozutamination model that has been
developed, it appears that -: this point the sodium in the
transistors has been driven to the point where it has the worst
effect and the hybrid outputs will never get any worse due to this
failure mechanism. There is even a small possibility that they will
get slightly better.

SURFACE CONTAMINATION

A model for the surface contamination failure mechanism has been
developed which is similar to the ionic contamination model. In the
model for surface contamination, a contaminant diffuses or migrates
to a location where it is bridging portions of a thick film resistor
which are normally isolated. Initially, the sketch that was used for
this model showed a serpentine resistor pattern with the contaminant
bridging portions of the pattern. It has been modified to show
contaminant bridging a laser trim line as illustrated in the sketch
in Figure 8. The basic mechanism is still the same; surface
contamination bridges an area that is normally not part of the
conductive area of the resistor and reduces the resistance.

Unlike the ionic contamination failures, little quantitative data is
available for the surface contamination model. Some of the failures
from the field that exhibited this failure mechanism were baked
during the analysis. Following the bake, the devices no longer
exhibited the failure and could not be induced by testing to fail.
Other devices exhibited the failure mode when initially tested but
then recovered and then could not be induced by additional testing to
fail. Analysis of the materials in the hybrids at the location of
the resistors did not reveal any anomalous materials or contaminants.
Also, the Hybrid Contamination Screen did not reveal any evidence of

4
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this failure mode in the hybrids built for this program. Therefore,
the model for this mechanism is only outlined at this point with very
little detail available for a precise calculation of a FFOP.
Specifically, the contaminants and their diffusion constants and
conductivities are unknown.

However, no indication of the surface contamination failure mechanism
has been detected in the hybrids after 450 hours of testing at
elevated temperatures during the Hybrid Contamination Screen.
Therefore, it is concluded that the hybrids built for this program
will not fail due to the surface contamination mechanism.

Based on test data from the Hybrid Contamination Screen plus the
model that has been developed for mobile ionic contamination, it is
predicted that the negative voltage regulator hybrids will not fail
due to either mobile ionic contamination or surface contamination
during the CERT that is performed for the ERFM program.

. Erickson, Senior Scientist
Reliability Physics Department

5
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FIGURE 3. SEM (Scanning
Electron Microscope)
photograph of one of the
transistors in the matched
pair.

FIGURE 4. Drawing of
transistor cross-section
(not to scale).
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METALLIZATION

FIGURE 5. Drawing of area
over base-emitter junction
(not to scale).
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FIGURE 7. PLOT OF DATA FROM MODEL OF SODIUM ION DIFFUSION COMPARING
REVERSE BIASED OPERATION TO UNBIASED (OR NORMAL BIAS) OPERATION. FOR
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FIGURE 8. DRAWING OF SURFACE CONTAMINATION ON TpTt'K FILM RESISTOR.
SOLID ARROWS INDICATE NORMAL CURRENT FLOW. DASHED ARROWS INDICATE
ANOMALOUS CURRENT FLOW CAUSED BY SURFACE CONTAMINATION.
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APPENDIX U

CERT FFOP PREDICTIONS FOR SEVERAL
TEMPERATURE RANGES

INTERDEPARTMENTAL CORRESPONDENCE

To: J.M. Kallis c: Distribution Date: 1 April 1991
Org: 72-26 Ref: 722630/1333

Subject: ERFM CERTFFOP From: L.B. Duncan
Predictions for Several Org: 72-26-30
Temperature Ranges

BIdg: E01 MS: D102
Loc: EO Phone: 616-0924

Failure Free Operating Period (FFOP) predictions were made for F15 Digital and Analog modules undergoing
Combined Environments Reliability Test (CERT) as part of the Electronics Reliability Fracture Mechanics
(ERFM) program (Reference 1). Specifically, fatigue life predictions were made for plated-through-holes
(PTHs) and I mil diameter interconnect wires undergoing thermal cycling for maximum predicted component
and printed wiring board (PWB) surface temperatures. In the present analysis, additional PTH fatigue life
predictions are made for temperature ranges of 79, 74, and 69*C which are 5, 10, and 15 *C less than the
maximum temperature range predicted by analysis (Reference 2). The present analysis was performed to
assess the increase in Digital module FFOP that would result if maximum expected temperatures were not
achieved in the CERT. The FFOP predictions are as follows:

AT Nf FFOP
(0C) (cycles) (cycles)

84 1995 1000
79 2512 1300
74 3162 1600
69 3981 2000

where
( 1) Nf = predicted cycles to failure
(2) FFOP = Nf/ 2 and rounded up to the nearest 100 cycles

It is seen that a decrease of 15*C in the temperature range approximately doubles the FFOP. The sensitivity of
FFOP to AT is plotted in Figure 2.

L.B. Dunca, Senior Scientist
Structural Mechanics Department
Product Analysis Laboratory
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IDC 722630/1333 1 April 1991

1.0 INTRODUCTION

Failure Free Operating Period (FFOP) predictions were made for F15 Digital and Analog modules undergoing
Combined Environments Reliability Test (CERT) as part of the Electronics Reliability Fracture Mechanics
(ERFM) program (Reference 1). Specifically, fatigue life predictions were made for plated-through-holes
(PTlls) and 1 mil diameter interconnect wires undergoing thermal cycling for maximum predicted component
and printed wiring board (PWB) surface temperatures. In the present analysis, additional PIH fatigue life
predictions are made for temperature ranges of 79, 74, and 690C which are 5, 10, and 15 *C less than the
maximum temperature range predicted by analysis (Reference 2). The present analysis was performed to
assess the increase in Digital module FFOP that would result if maximum expected temperatures were not
achieved in the CERT.

2.0 SUMMARY

The FFOP predictions for PTH fatigue failure in the Digital modules are as follows:

AT Nf FFOP
(0C) (cycles) (cycles)

84 1995 1000
79 2512 1300
74 3162 1600
69 3981 2000

where
(1) Nf = predicted cycles to failure
(2) FFOP = Nf/ 2 and rounded up to the nearest 100 cycles

It is seen that a decrease of 150C in the temperature range approximately doubles the FFOP. The sensitivity of
FFOP to AT is plotted in Figure 2.

3.0 CERT THERMAL CYCLING ENVIRONMENT

The CERT thermal cycling environment is shown in Figure 1. The powered portion of the profile specifies a
630 C coolant inlet temperature. The powered condition is followed by transient periods wherein the inlet
temperature of the coolant is reduced to 2 10C, held for 60 minutes, then raised to 630C and held for 60
minutes.

CERT transient thermal analyses were performed to predict component and mounting surface temperatures for
the digital modules (Reference 2). The maximum junction temperature for the digital module was 134"C under
component 932820, U 1508. The maximum mounting surface temperatures was 1050C under component
?05570-73B, C151.

In the present analysis, PTM life was predicted for maximumm temperatures of 5, 10, and 15'C below the
predicted 105"C maximum surface temperature.

UI
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A-1

Fatigue Life Prediction for Digital Module PTHs
Subjected to CERT Thermal Cycling

from 21 0C to I000C
(AT=79 0C)



digital cart-Mai9l-79 page I&

This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented in the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermal
cycling temperature range of interest.

1. The following is a calculation of the Digital module PTH total strain range
for the CERT test temperature range of 21C to +100C. It is assumed that the
copper PTH complies totally to the expansion of the PWB laminate.

apb = 85.10-6 CTE of PWB (in/in/deg C)

=cu 17.10-6 CTE of Copper (in/in/deg C)

At= apwb - acu
6.8X10 5 = 6.×810 5

Tmax = 100 Max Temperature (deg C)
Tmin = 21 Min Temperature (deg C)
AT = Tmex- Tmin

79 = 79

Compute total strain range in PTH.

Ae = (AoLAT). 100 Total strain range in PTH (%)
0.5372 = 0.5372

2. Calculate total strain range in the PTH according to the equations presented
in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Material Properties

SY= 25000 Copper yield stress (PSI)
Ee= 500000 Epoxy elastic modulus (PSI)
Ecu= 16.106 Copper elastic modulus (PSI)
Epc= 0.1.106 Copper plastic (bi-linear) modulus (PSI)

Defintions

h = 0.1 PWB laminate thickness (in)

d = 0.026 PTH outer diameter (in)

t = 0.0015 PTH barrel thickness (in)

U-13



digftal cert- marS1- 79 page 2a

S, Copper yield strain (inlin)
S-Ecu

0.0015625 = 0.0015625

-cu = ? (d2 - [d-2 t] 2) PTH barrel cross-sectional area (inA2)

0.00011545 = 0.00011545

_= ([h + d2- d 2) Laminate effective cross-sectional area (in2)

0.011938 = 0.011938

2A. Stress in PTH assuming linear elasticity (PSI)

a- = &aATAeE, Ecu
A Ee + Acu Ecu

65639 = 65639

2B. Stress in PTH accounting for yielding (PSI)

=(A imAT + S, )AEu. eE. EPCU
Ecu Epcu Ae E, + Ac, Epcu

25332 = 25332

2C. Total strain in copper accounting for yielding (in/in, %)

AC= V+ 0--p j 1 100

0,4882 = 0.4882

Note that this value is about equal to free thermal
strain, FTS (in/in)

FTS - ALAT
0.005372 - 0.005372

2D. Compute strain-life curve and plot against total (IPC) strain in
PTH

Additonal material properties

Dr- 0.15 Copper Fatigue Ductility

U-14
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Su - 3. -1 4  Copper Ultimate Strength (PSI)

.75exP(.)}0 1785o100000()
AC= 100 f( 1) 0 *6DP.5+ E II 0.36

100

...... .... ..... ... . - -. . . .... . ..---.

2 X 4

Graph is a plot of % total strain range vs. cycles to failure (1lOA X) for the
parameter values listed . Also shown is a plot of PTH total strain range (0.49%)
which intersects the life curve at approximately X--3.4, or 2512 cycles to failore.
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A-2

Fatigue Life Prediction for Digital Module PTIIs
Subjected to CERT Thermal Cycling

from 21"C to 95'C
(AT=74 0 C)

U- 17
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This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented in the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermal
cycling temperature ran9e of interest.

1. The following is a calculation of the Digital module PTH total strain range
for the CERT test temperature range of 21C to +95C. It is assumed that the
copper PTH complies totally to the expansion of the PWB laminate.

apwb = 85.10- 6 CTE of PWB (in/in/deg C)

=cu 17.10- 6 CTE of Copper (in/in/deg C)

aLC( = apwb - acu
6.8x10 - = 6.8<10 "5

Tmax = 95 Max Temperature (deg C)
Tmin = 21 Min Temperature (deg C)
AT = Tmax- Tmin

74 = 74

Compute total strain range in PTH.

Ae = (AcAT). 100 Total strain range in PTH (%)
0,5032 = 0.5032

2. Calculate total strain range in the PTH according to the equations presented
in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Material Properties

SY = 25000 Copper yield stress (PSI)
Ee = 500000 Epoxy elastic modulus (PSI)
Ec= 16. 106 Copper elastic modulus (PSI)

Epcu= 0.1. 106 Copper plastic (bi-linear) modulus (PSI)

Defintions

h = 0.1 PWB laminate thickness (in)

d = 0.026 PTH outer diameter (in)

t 0.0015 PTH barrel thickness (in)

U-19
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SY Copper yield strain (in/in)-Ecu ..

0.0015625 = 0.0015625

Acu = 4 (d 2 - [d-2 t] 2) PTH barrel cross-sectional area (inA2)

0.00011545 = 0.00011545

= (+ d]2- d2) Laminate effective cross-sectional area (inA2)
4

0.011938 = 0.011938

2A. Stress in PTH assuming linear elasticity (PSI)

EC.a- = ActAT-4,E Ec

4e E + Acu Ecu
61484 = 61484

2B. Stress in PTH accounting for yielding (PSI)

= (^A T+S - ,, :cuJ AE.

25298 = 25298

2C. Total strain in copper accounting for yielding (in/in, %)

Aooo C= + ,p ). 100
0.45427 = 0.45427

Note that this value is about equal to free thermal
strain, FTS (in/in)

FTS = A oLAT
0.005032 = 0.005032

2D. Compute strain-life curve and plot against total (IPC) strain in
PTH

Additonal material properties

Df= 0.15 Copper Fatigue Ductility
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SU = 3.5. io4  Copper Ultimate Strength (PSI)

A= 100 (10x)-o.6D?-7+ 0.9 32' 0.18 o

190

ro .............. . . . .

1-*-*. . - .. *.**. ..... . . ........ . .. . .

2 X 4

Graph is a plot of % total strain range vs. cycles to failure (1lOA X) for the
parameter values listed . Also shown is a plot of PTH total strain range (0.45%)
which intersects the life curve at approximately X--3.5, or 3162 cycles to failure.
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A-3

Fatigue Life Prediction for Digital Module PTHs
Subjected to CERT Thermal Cycling

from 21*C to 90'C
(AT=69 0 C)
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Q This worksheet is an implementation of the copper
plated-through-hole (PTH) thermal cycling low-cycle fatigue
equation presented in the IPC technical report, IPC-TR-579,
September, 1988 (pg. 42). The equation enables the calculation
of PTH cycles to failure for a given total strain range over a thermal
cycling temperature range of interest.

0

Q 1. The following is a calculation of the Digital module PTH total strain range
for the CERT test temperature range of 21C to +90C. It is assumed that the
copper PTH complies totally to the expansion of the PWB laminate.

Q

G) apab = 85.10- 6 Q CTE of PWB (in/in/deg C)

(D c = 17.10- 6 Q CTE of Copper (in/in/deg C)

0 A x= apwb - acu

o 6.8x10 "5 = 6.8X10 "5
Q
0 Tmax = 90 Q Max Temperature (deg C)
( Tmin = 21 Q Min Temperature (deg C)
G) AT = Tmax - Tmin

69 = 69
Q

Q Compute total strain range in PTH.
Q
0) Ae = (AccAT) 100 QTotal strain range in PTH (0)

6 0.4692 = 0.4692
Q
Q 2. Calculate total strain range in the PTH according to the equations presented

in the referenced IPC report (pg. 40). These equations account for relative
interaction between the PTH and the surrounding laminate, as well as plasticity
in the PTH.

Q

Q Material Properties
Q
E) SY = 25000 Q Copper yield stress (PSI)
0) Ee = 500000 Q Epoxy elastic modulus (PSI)

( Ecu = 1610' Q Copper elastic modulus (PSI)

0 Epcu = 0.1.106 Q Copper plastic (bi-linear) modulus (PSI)
Q
Q Defintions
Q

0D h = 0.1 Q PWB laminate thickness (in)
Q
E0 d = 0.026 Q PTH outer diameter (in)
Q
( t = 0.0015 Q PTH barrel thickness (in)

U
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Q

SY 1 Copper yield strain (in/in)

6 0.0015625 = 0.0015625
Q

o.4 = ;(d 2 - [d- 2 t] 2) Q PTH barrel cross-sectional area (inA2)

6 0.00011545 = 0.00011545
Q

o =e ([h+ d]2 - d 2) Q Laminate effective cross-sectional area (in2)
4

o 0.011938 = 0.011938
Q
Q
Q 2A. Stress in PTH assuming linear elasticity (PSI)
Q

a- = AcAT eEe Ecu
Ae Ee + Acu Ecu

57330 = 57330
Q
Q

Q 2B. Stress in PTH accounting for yielding (PSI)
Q

o 0_' = (t, a.T + S CEc- pcU)AE EpCU
Ecu pCU e Ee+ Ac Epcu

25264 = 25264
Q
Q

Q 2C. Total strain in copper accounting for yielding (in/in, %)
Q

~CCU= e + EpCU 1 100

o 0.42033 = 0.42033
Q
Q
Q Note that this value is about equal to free thermal

strain, FTS (in/in)
Q
E FTS = A/LT

0.004692 = 0.004692

Q 2D. Compute strain-life curve and plot against total (IPC) strain in
PTH

Q

Q Additonal material properties
Q

oDf = 0.15 Q Copper Fatigue Ductility
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oSu = 3.E5.1i04 Copper Ultimate Strength (PSI)

Q

Q
Q

100

.~~**. .. .-..........- 7 .... -. 7.....- . -

Q

OGraph is a plot of 0/ total strain range vs. cycles to failure (1lOAX) for the
parameter values listed . Also shown is a plot of PTH total strain range (0.42%)
which intersects the life curve at approximately X=3.6, or 3981 cycles to failure.

U-27



APPENDIX V

TRANSIENT THERMAL ANALYSIS OF TIMING AND

CONTROL MODULE

INTERDEPARTMENTAL CORRESPONDENCE

TO: J M. Kallis CC: Distribution DATE: April 9. 1990
ORG: 72-26 REF: 722620/1570

SUBJECT: Transient Thermal Analysis of FROM: W. J. Hoskins
the F-15 PSPTiming and Control ORG: 72-26-22
Module

BLDG: El MAILSTA: B104
LOC: EO PHONE: 616-1121

REFERENCES: 1) IDC 722620/1292, "Thermal Analysis of the F-15 PSP Timing
and Control Module," from W. J. Hoskins to R. D. Ritacco.
dated September 2, 1988.

2) "F-18 Thermal Library," from W. K. Hammond, dated May 23.
1980. User F18LIB[12101.202, Job FI8THM Seg. 1028

SUMMARY

A detailed steady state thermal analysis of the Programmable Signal Processor (PSP) Timing and
Control (c & C) module for the F-15 aircraft had been performed and was documented in
Reference 1. A transient thermal analysis of the PSP Timing and Control module representing
the Combined Environments Reliability Test (CERT) conditions are documented in this report.
The purpose of the transient analysis was to determine the time necessary for the module to reach
its steady state temperatures given the test conditions outlined in Figure 3. The temperature
history of the printed wiring board and various key components are to be used in the failure
analysis of the module.

The transient thermal analysis of the module was based on the following information.

1) The physical design of the module is as outlined in Reference 1. The design
consist of a heat exchanger assembly and two printed wiring board
subassemblies. Figures I and 2 provide the component layouts for the printed
wiring boards.

2) The module operating power dissipation is 47.8 Watts. The component
dissipations are taken from Reference 2. The transient profile of the module
power dissipation is shown in Figure 3.

3) The coolant (GN2) flow rate through the Timing and Control module remains
constant at 0-202 lb/nin throughout the thermal cycling. As shown in Figure 3,
the steady state portion of the analysis utilizes a 630C coolant inlet temperature.
For the first 60 minutes of the transient analysis, the inlet temperature of the
coolant is 210C. At 60 minutes, the coolant temperature is returned to 630C and
the transient analysis continues for an additional 60 minutes. The transient
profile includes 3 120 minute cycles for a total transient operating time of 360
minutes. The CERT environmental profile, provided by ]. M. Kallis, is shown in
Figure 3.



KEY RESULTS AND CONCLUSIONS

Table I provides the predicted component operating temperatures for the T & C module during
its steady state operation. The table includes the power dissipation, predicted mounting surface,
case, and junction temperatures (where applicable).

Figure 4 provides the temperature history of the components on the printed wiring board that
have the largest time constants and thus take the longest to reach their predicted steady state
temperatures. Figures 5 and 6 provide the temperature history of the hottest integrated circuit.
and the component with the largest temperature difference between its case and junction,
respectively. Figure 7 provides the temperature history of the hottest location on the printed
wiring board. The hottest location on the board is shown as the crossed hatched region in Figure
1.

Based on Figure 4. it takes approximately 50 minutes for the components with the largest time
constant to reach their steady state operating temperatures. Since the module reaches steady state
before the next cycle begins, the temperature response in the subsequent cycles will be identical
to that of the first cycle. The component operating temperatures at the end of each transient cycle
are the same as those predicted for the steady state condition and are shown in Table I.

W. Hoskins, S E n
THERMODYNAMICS DEPARTMENT

Approved:
E. B. Curry, Scienust i :
THERMODYNAMICS DEPATAMENT
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Figure V-3. F15 PSP Timing and Control Module
CERT Environmental Profile
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Attochment to

TABLE V-1 IDC 722620/1570

F-15 PSP TIMING AND CONTROL 
MODULE

PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

S..S S SSS~eS SO e ... S........S S.S SSS S S..SS. .

CuSS1 905570-738 6.666 96. 96.

Cili M3903/02-0979 6.666 96. 96.

C112 905578-738 0.oee 94. 94.

Cl13 905570-738 6.e6e 92. 92.

C115 905570-73B 6.6ee 78. 78.

Cl16 905570-738 e.e6 75. 75.

C117 M39803/02-0079 6.066 75. 75.

C121 965570-738 6.ee 95. 95.
C122 9e5570-738 0.ee 96. 96.

C123 905570-738 6.066 95. 95.

C124 M39663/92-0079 66e6 89. 89.

C125 965576-73B 6.666 78. 78.

C126 965576-739 6.60e 75. 75.

C127 905579-73B e.ee 71. 71.

C131 905576-738 6.666 97. 97.

C132 965576-738 6.666 97. 97.

C133 905576-738 6.0 96. 96.

C134 905576-738 9.66 93. 93.

C135 9e5576-738 6.6ee 8e. s6.
C136 905570-738 ee6 75. 75.

C137 905576-73B 6.666 72. 72.

C141 M39e63/62-e68 6.666 160. 166.

C1414G M39963/02-087 6.666 82. 82.

C1415C 905576-738 6.666 77. 77.

C142 965576-738 6.666 161. 1e.

C143 965576-738 e.666 99. 99.

C144 M39903/62-0068 6.666 97. 97.

C145 905576-738 0.666 82. 82.

C146 905576-739 6.O6 77. 77.

C147 M39e63/92-0e68 6.660 73. 73.

C151 905570-739 6.666 165. 165.

C152 965570-738 0.006 164. 164.

C153 965576-738 6.0 99. 99.

C154 905576-739 6.66e 99. 99.

C155 965570-739 6.666 85. 85.

C156 905579-73B e.ee4 86. Be.

C157 965579-739 6.00 77. 77.

C162 905570-739 0.606 162. 162.

C163 905576-738 6.666 99. 99.

C164 905576-73B 6.666 98. 98.

C165 905570-738 0.606 8-. 87.
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TABL V- (Cotined)IDC 722620/157e
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F-iS PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEC C) (DEG C) (DEG C)

C167 905578-738 0.60 83. 83.
C172 905570-738 0.800 102. 102.
C173 985570-738 0.00e 162. 162.

C174 905576-738 0.000 97. 97.
C175 905570-738 0.006 90. 90.
C176 905570-738 0.006 87. 87.
C177 905570-738 0.000 85. 85.
C21041 965570-738 0.600 77. 77.
C211 905570-738 0.000 75. 75.
C21101 905570-738 6.0 86. 86.
C21161 905570-738 0.000 93. 93.
C212 905570-738 0.000 77. 77.
C213 905570-738 0.000 80. B0.
C214 905570-738 0.00 86. 86.
C215 905570-738 0.060 91. 91.
C216 905570-738 0.008 93. 93.
C221 905576-738 0.600 75. 75.
C222 905570-738 6.006 78. 78.
C223 905570-738 0.000 8l. 81.
C224 905570-738 0.660 86. 86.
C225 905570-738 0.00e 93. 93.
C226 905570-73B 0.000 95. 95.
C227 905570-738 0.000 98. 98.
C231 905570-738 0.000 77. 77.
C232 905570-73B 0.00 80. 86.
C233 905570-738 0.006 83. 83.
C234 905570-73B 6.600 87. 87.
C235 965570-738 0.660 94. 94.
C236 905570-738 0.06 96. 96.
C237 905570-738 0.060 98. 98.
C241 M39803/02-9068 0.660 80. 80.
C242 905570-738 0.000 85. 85.
C243 905570-738 0.006 88. 88.
C244 M39003/02-068 0.00 88. 88.
C245 905570-738 6.066 97. 97.
C246 905578-738 0.00 98. 98.
C247 M39903/02-9068 0.060 101. 101.
C251 905570-73B 0.000 63. 83.
C252 905570-738 0.000 88. 88.
C253 905579-738 0.000 90. 90.
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TABLE V-i (Continued) PC 72262e/57
PAGE 10

F-15 PSP TIMING AND CONTROL MODULE

PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

... .. o..............*.....o....*oso******ooooooe**o*osso*

C254 96557O-73B 6.00 90. 90.

C255 905570-738 0.00 98. 98.

C256 905570-738 0.00 IS6. ee.

C257 905570-738 0.000 102. 102.
C261 905570-738 0.000 86. 66.

C262 905570-739 6.000 89. 89.

C263 905570-738 0.00 92. 92.

C264 905570-738 0.00 91. 91.

C265 905576-738 0.00e 97. 97.

C266 905570-738 0.000 .lee lee.
C267 905570-738 0.00 101. 101.
C271 905570-738 6.000 B8. 56.

C272 905570-738 0.000 90. 90.

C273 905570-730 0.000 92. 92.

C274 905570-738 0.000 92. 92.

C275 905570-738 0.000 98. 98.
C276 905570-738 6.00 lee. lee.

C277 905570-738 0.000 l. lee.

CRIllIG JANTX1N4150-1 0.000 83. 83. 83.
CRI115A JANTXIN4158-1 0.e0 75. 75. 75.

CR1215A JANTX1N415O-1 0.000 75. 75. 75.

CR1215C JANTX1N41S-1 0.000 75. 75. .75.
CRI316A 925974-18 6.0 75. 75. 75.

R1103 MB340103M27ROJA 0.076 94. 95.
R1106 955230-88 0.100 92. 103.

RIlIIA RCR7GIIJS 0.040 83. 83.

RIl11C RCRO7G512JS 0.040 83. 83.
R1111E RCR07GlOOJS 0.046 83. 63.

R11128 RLR32C348FP 6.040 83. 84.
R1112F RLR32C34SFP 0.040 83. 84.
R1l138 RLR32C348FP 0.040 78. 79.

R1113F RLR32C348FP 6.040 78. 79.
R11148 RLR32C348FP 0.040 78. 79.

R1114F RLR32C348FP 0.040 78. 79.
RII15C RCRO7G166JS 0.046 75. 75.

R1116 M8346103M27ROJA 0.076 75. 76.
R114 RCR07G121JS 0.640 87. 88.

R1215E RCR7G27OJS 0.046 75. 75.

R1303E RCR07G27OJS 0.040 97. 98.
R1393G RCRO7G27OJS 0.046 97. 98.

R1414A RCRO7G152JS 0.040 82. 83.
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TABLE V-1 (Continued) IDC 722620/1570

F-15 PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

R1414C RCRe7G1O2JS 6.640 82. 83.
R1414E RCRO7Gl0JS 6.040 82. 83.
R1415A RCRe7G392JS e.e4e 77. 77.
RI415E RCR87G820JS 0.e40 77. 77.
R1415G RCRS7G330JS .e46 77. 77.
R217 RNCS6H3161FS 0.076 96. 98.
R21e5 M8346193M27ROJA 6.970 80. 82.
R2107 M8340103M27ROJA 0.e7e 83. 85.
R2113 M8348163M27ROJA 0.e7e 91. 93.
R2116 M8340103M27ROJA 60,76 93. 9 .
R2117 M834e163M27ROJA 0.070 96. 97.
R2118 M834eie3M27ROJA 0.070 96. 97.
U1191 932849-18 0.366 96. 163. 118.
U1182 932849-18 0.306 96. 103. 118.
U1184 932783-28 e692 94. 96. 98.
Ul15 M3851e/3ee3BDX 6.913 92. 92. 92.
UleS7 932736-28 6.173 96. 93. 104.
Ulles M38510/07091e0X 0.079 90. 91. 93.
U1109 932736-28 e.173 87. ,1. 101.
U1116 932730-28 0.173 87. 91. 101.
U1203 932849-18 0.360 96. 102. 117.
U1204 932783-28 8.992 96. 98. tee.
U1205 932730-28 e.173 95. 99. 169.
U1206 932614-38 0.473 95. 105. 115.
U1207 M38510/07ee3BDX 6.118 92. 94. 97.
U1208 M38510/073e1DX 6.113 92. 94. 97.
U1209 M38510/07003Box 0.118 89. 91. 94.
U1216 M38510/o76038DX 6.118 89. 91. 94.
U1211 9328:e-226 0.472 85. 93. 116.
U1216 M38510/07ee38Dx 6.118 75. 77. 80.
U1304 932616-5018 6.166 97. 99. e5.
U1395 M38510/07093BDX 0.118 96 98. 11.
U1366 M38510/6701BDX 6.979 96. 98. 99.
U1307 932614-38 6.473 96. 106. 116.
u1398 M38510/341828FX 0.168 96. lee. 103.
U1369 932614-38 0.473 93. 183. 113.
u1318 M38510/34162RFx 0.168 93. 96. lee.
U1311 932756-18 0.166 86. 88. 94.
U1312 932756-18 e.lee 86. 88. 94.
U1313 932783-28 6.692 8e. 82. 84.
U1314 932783-28 0.992 86. 82. 84.
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F-15 PSP TIMING AND CONTROL MODULE

PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

********0*0;;;;;;;;000*00*O4**000000000000000000000*610*0*0

U1515 928660-61B 695 75. 77. .63.

U14.61 932736-2B 6.173 100. 104. 114.

U1462 M3851e/67401BDX 0.057 166. 102. 163.
UI'63 M38518/974818DX 8.857 101. 182. 163.

U1464 932614-38 6.473 101. 111. 121.

U1405 M38518/07e018DX 86.79 99. 161. 162.

U1406 932614-38 0.473 99. 189. 119.

U1467 932727-18 0.447 180. 110. 12o.

U1488 932820-218 0.472 106. 168. 132.

U1489 932727-18 6.447 97. 186. 124.

U141 932727-10 6.447 97. 186. 124.

U1411 932614-38 0.473 98. 106. 116.

U1412 M3851e/e8ee81DX 0.699 9e. 92. 94.

U1413 M3851e/07ee1B0X 0.079 82. 84. 86.
U158l 93278 -1B 0.525 105. 116. 128.

01502 932769-18 6.525 165. 116. 128.

ul5e3 932769-i 8.525 104. 115. 127.

U1584 932614-38 0.473 164. 114. 125.

ui585 M38510/e763BDX 0.118 99. 161. 164.

U1566 M38510/870690FX 0.822 99. 99. 160.

U1587 932769-18 6.525 162. 113. 125.

U1508 932826-217 6.472 162. 118. 134

U1509 932820-219 6.472 99. 167. 136.

U150 932826-220 0.472 99. 107. 136.

U1511 M3851e/07501SDX 6.263 92. 98. 163.

U1512 932746-18 0.342 92. 99. 119.

U1513 932746-18 0.342 85. 93. 113.

U1514 M3851e/36605-DX .84 85. 87. 89.

U1515 M38510/3e6058DX 6.684 86 81. 83.

U151t M3851e/386958Dx e.684 86. 81. 83.

U1517 M38z18/30665BDX 6.684 77. 78. Be.

U1518 932749-18 6.158 77. Bo. 89.

U1661 930739-18 0.100 1se. 112. 117.

u1663 932730-29 6.173 162. 166. 116.

U1684 M3851e/541628FX 6.168 162. 166. 116.

U1605 M38516/e76898FX 6.022 99. lee. 100.

U1666 M3851@/68e01ox 6.699 99. 101. 164.

U1667 932769-1B 6.525 162. 113. 124.

U1668 932746-13 0.342 102. 169. 129.

U1609 932732-18 0 .269 96. 164. 110.

U1610 932732-1B 0.289 98. 164. 116.
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IDC 722620/157e
TABLE V-1 (Continued) PAGE 13

F-15 PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

MOUNTING
CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)

U1611 932820-215 0.472 93. 101. 125.
U1612 M38519/e703BDX 0.118 93. 96. 98.

U1613 932749-18 0.158 87. 91. iee.
U1614 932749-18 0.158 87. 91. Ie.
U1615 932749-18 0.158 83. 86. 96.
U1616 932749-18 0.158 83. 86. 96.
U1617 932749-18 0.158 80. 84. 93.
U1618 932749-18 0.158 80. 84. 93.
U1703 932730-28 0.173 102. 106. 117.
U1704 932709-18 0.525 102. 114. 125.

U1705 932709-18 0.525 101. 112. 123.
U1706 932690-18 0.053 101. 102. 103.
U1707 932746-18 0.342 100. 107. 128.
U1768 932746-18 0.342 10e. 107. 128.
U1709 932732-18 0.289 97. 103. 109.
U171e 932732-18 0.289 97. 103. 109.
U1711 932820-224 0.472 93. 101. 125.
U1712 M38510/337018FX 0.033 93. 94. 95.
U1713 932746-18 0.342 90. 98. 118.

U1714 932746-18 0.342 90. 98. 118.
U1715 932746-10 0.342 87. 94. 115.
U1716 932746-18 0.342 87. 94. 115.
U1717 932746-1B 0.342 85. 92. 112.
U1718 932746-1B e.342 85. 92. 112.
U2101 M38510/070038DX 0.118 75. 77. 80.
U2102 M38510/e7003BDX 0.118 75. 77. 8e.
U2103 M38510/07ee3BDX 0.118 77. 79. 82.
U2104 M38510/07003BDX e.118 77. 79. 82.
U21e6 932849-18 e.3ee 80. 87. 102.
U21e8 932849-18 0.3e 83. 90. 105.
U2109 932730-2B 0.173 86. 90. 100.
U2110 932730-28 0.173 86. 9e. 100.
U2111 932730-28 0.173 89. 93. 103.
U2112 932730-2B 8.173 89. 93 103.
U2114 932728-10 0.079 91. 93 95.
U2115 932728-18 e.e79 93. 95 97.
U2201 932726-18 0.084 75. 77 82.
U2202 932726-18 0.084 75. 77 82.
U2203 M38510/07e3BDX 0.118 78. 8e 83.
U2204 M990436-eeB 0.122 78. 80. 86.
U2295 H990436-elB 8.122 81. 83. 89.
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PAGE 14

F-15 PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL 'NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

U2206 H99e436-001B 0.122 81. 83. 89.
U2207 H990436-0018 6.122 83. 86. 92.
U2208 932726-1B e.684 83. 85. 90.
U2209 932726-IB 0.084 86. 88. 93.
U2210 932728-18 6.679 86. 88. 89.
U2211 932728-18 e.079 89. 96. 92.
U2212 932728-16 e.679 89. 96. 92.
U2213 M38510/07603BDX e.118 93. 95. 98.
U2214 932849-1B 6.300 93. 99. 114.
U2215 M3851e/e70038DX 6.118 95. 98. 101.
U2216 932849-18 0.3e0 95. 162. 117.
U2217 932849-18 0.300 98. 104. 119.
U2218 932849-18 0.300 98. 104. 119.
U2301 M3851e/673016DX e.113 77. 79. 82.

U2302 932728-1B 6.e79 77. 79. 80.
U2303 932728-18 0.079 8e. 82. 83.
U23e4 932749-18 6.158 8e. 83. 93.
U2305 932749-1B e.158 83. 87. 96.
U23e6 932749-1B 0.158 83. 87. 96.
U2307 932749-18 e.158 85. 89. 98.

U2308 932749-18 0.158 85. 89. 98.
U2309 932749-18 e.158 87. 9e. 160.
U231e H990436-0018 6.122 87. 96. 95.

U2311 u3851e/e8ee1ox 6.699 89. 91. 94.
U2312 M38510/3e301BDX 0.012 89. 96. 96.

U2313 932728-1B e.079 94. 95. 97.
U2314 H99e436-0e16 6.122 94. 96. le2.
U2315 H990436-61OB 0.122 96. 99. 104.

U2316 M3851e/e7eelBDX 0.079 96. 98. 100.
U2317 932685-16 0.035 98. 98. 1e.
U2318 M38510/3e001BDX e.008 98. 98. 98.
U2401 M3851e/e73618DX 0.113 8e. 83. 85.
U2402 932736-1B 6.394 8. 89. 98.

U2403 932736-1B 6.394 85. 93. le2.
U2404 932736-1B 0.394 85. 93. 1e2.
U24e5 932736-1B e.394 88. 96. 105.
U2406 932736-18 e.394 88. 96. 105.
U2407 932736-18 6.394 88. 96. 165.
U2408 932690-16 0.653 88. 89. 90.

U2409 932690-IB ee53 88. 89. 96.
U2410 932756-1B 0.160 88. 90. 96.
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F-1S PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
*eS*@@e**S@SSS@**SSS*SgSS@*eOIIeIgIee@*egIeO*.eIee.....iOS..l

U2411 M38510/38301BDX 0.012 91. 91. 91.
U2412 M3851e/870018oX 0.679 91. 92. 94.
U2413 M3851e/e70e38DX e.118 97. 99. e2.
U2414 932614-38 0.473 97. 167. 117.
U2415 932756-18 0.166 98. lee. 166.
U2416 932756-18 0.1ee 98. lee. 166.
U2417 932614-38 0.473 161. 111. 121.
U2418 M3851e/e76e5BDX ee59 le. 162. 1e3.
U25e1 932728-18 0e79 83. 85. 87.
U25e2 932736-18 e.394 83. 92. ee.
U2503 932736-1B 0.394 88. 96. 1e5.
U2504 932736-1B e.394 88. 96. 165.
U2505 932736-1B 6.394 96. 99. 167.
U25e6 932736-1B 0.394 9e. 99. 167.
U2507 932736-18 6.394 96. 98. 167.
U2508 932690-18 6.053 96. 91. 92.
U2509 932690-18 e.953 96. 91. 92.
U2510 932756-1B 0.106 96. 92. 98.
U2511 M38510/07e18DX 9.e79 92. 94. 96.
U2512 M38510/e76e380X 6.118 92. 95. 98.
U2513 932614-38 6.473 98. 168. 119.
U2514 M3851e/089018DX 6.699 98. lee. 1.62.
U2515 M3851e/e74e1eox e.657 le. 102. 103.
U2516 932614-38 0.473 lee. 11e. 121.
U2517 932727-18 6.447 162. 112. 130.
U2518 M3851e/7e6e3BDX 6.118 162. 105. 167.
U2601 932736-1B 0.394 86. 95. 163.
U2662 932736-18 6.394 86. 95. 163.
U2603 932736-18 0.394 89. 98. 166.
U2604 932736-18 0.394 89. 98. 106.
U2605 932736-18 0.394 92. lee. 169.
u26e6 932736-18 6.394 92. lee. 109.
U2607 932736-18 6.394 91. lee. le8.
U2608 932690-18 0.653 91. 92. 94.
U26e9 932690-18 6.653 91. 92. 93.
U2610 932756-18 6.166 91. 93. 99.
U2611 M3851e/e7eeBDX 6.879 93. 95. 97.
U2612 932696-18 6.653 93. 95. 96.
U2613 M3851e/34102BFX 0.168 97. 101. 165.
U2614 M38510/30e28DX 6.632 97. 98. 99.
U2615 M3851e/07ee3BDX 0.118 lee. 1e3. 105.
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F-15 PSP TIMING AND CONTROL MODULE
PRINTED WIRING BOARD

*oe..***eo.e.*o..ee* ~*. ooei~~eoo*ee*.ee*S* ....... e e ****@**

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
*oI00*oooooo0000*e**oooo*oeoto*OeooooO*ooooooosooooooooso

U2616 M38510/339018FX 0.237 100. 105. 11e.
U2617 M38516/e896lBoX 0.099 101. 103. 105.
U2618 M38510/0701BDX 0.079 101. 102. 104.
U2701 932736-1B 0.394 88. 96. 105.
U2792 932736-18 0.394 85. 96. 105.
U2703 932736-18 0.394 90. 98. 197.
U2704 932736-18 0.394 90. 98. 107.
U2705 932736-18 0.394 92. 101. 109.

U2706 932736-IB 0.394 92. 101. 109.
U2707 932736-18 0.394 92. 101. 109.
U2708 932690-18 0.053 92. 93. 95.
U2709 932690-18 0.053 92. 94. 95.
U2710 932756-1B 9.10 92. 95. 100.
U2711 M38510/07003BOX 0.118 95. 97. lee.
U2712 932690-18 0.053 95. 96. 97.
U2713 932746-18 0.342 98. 106. 126.
U2714 M38510/07091BDX 0.079 98. lee. 102.

U2715 M38510/341928FX 0.168 100, 103. 197.
U2716 M38510/070018DX 0.079 lee. 101. 103.
U2717 M38519/970038DX 6.118 lee, 162. 105.

TOTAL OF PART DISSIPATIONS: 47.766 WATTS

V-18



APPENDIX W

TRANSIENT THERMAL ANALYSIS OF LINEAR
REGULATOR MODULE

INTERDEPARTMENTAL CORRESPONDENCE

TO: J. M. Kallis CC: Distribution DATE: April 4. 1990
ORG: 72-26 REF: 722620/1567

SUBJECT: Transint Thcrmal Analysis cf FROM: A. T. Bishop
the F-15 PSP Linear Regulator ORG: 72-26-22
Module

BLDG: El MAILSTA: B104
LOC: EO PHONE: 616-!048

REFERENCES: I) IDC 72262011329, "Thermal Analysis of the F-15 PSP Linear
Regulator Module." from A. T. Bishop to J. M. Kaflis, dated
November 7, 1988.

2) AVO, "Power Dissipations of 3569800 Module," R. M. Nicoletti
to J. Kallis. dated October 26, 1988.

SUMMARY

A detailed steady state thermal analysis of the PSP Linear Regulator module in the Signal
Processor unit for the F- 15 aircraft has been performed and is documented in Reference 1. The
results of a transient thermal analysis of the PSP Linear Regulator module ae included in this
document. The purpose of the transient analysis was to determine the length of time necessary
for the Linear Regulator module to reach its steady state operating temperature given the
environmental profile outlined by J. M. Kallis (72-26). The temperature history of the printed
wiring board and various key components can then be used to aid the failure analysis of the
module.

The transient thermal analysis of the PSP Linear Regulator module was based on the following
information.

I The physical configurazion of the Linear Regulator module is as outlined in
Reference 1. The analysis included the modelling of a heat exchanger assembly,
a printed wiring board subassembly, and detailed analysis of the three hybrids (I
unique) located on the printed wiring board. Figures 1 and 2 provide the
component layouts for the printed wiring board and the hybrids, respectively.

2) The total module power dissipation is 7.8 Watts. Of the total power dissipation.
the hybrids U 1. U2, and U3 located on the printed wiring board dissipate 2.26 W,
1.03 W, and .037 W, respecavely. The component dissipations were supplied
by R. M. Nicoletti (27-36) in Reference 2. It should be nmted that the component
dissipations used in the analysis were calculated by using +18 V inputs and
maximum loads as defined in TS 31325-184. The transient profile of the module
power dissipation is shown in Figure 3.

3) The coolant (GN2) flow rate through the Linear Regulator module remains
constant at 0.167 lb/min throughout the transient analysis. As shown in Figure 3,
the steady state portion of the analysis utilizes a 630C coolant inlet temperature.
For the first 60 minutes of the transient analysis, the inlet temperature of the
coolant is 2 1 OC. At 60 minutes, the coolant temperature is returned to 630C and
the transient analysis continues for an additional 60 minutes. The transient
profile includes 3 120 minute transient cycles for a total transient operating time
of 360 minutes. The environmental profile as provided by J. M. Kallis is shown
in Figure 3.

6Q-CCS FES 7? W-I
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KEY RESULTS AND CONCLUSIONS

Table I provides the predicted component operating temperatures for the Linear Regulator
module during its steady state operation, as shown in Figure 3. Tables 2 through 4 include the
steady state operating temperatures of the components located inside hybrids Ul, U2, and U3,
respectively. These tables include the power dissipation, predictW mounting surface, case, and
junction temperatures (where applicable).

Figure 4 provides the temperature history of the components on the printed wiring board that
have the largest time constant and thus take the longest to reach their predicted steady state
temperatures. Figures 5 thiough 7 provide the temperature history of the hottest integrated
circuit, the hottest chip located inside hybrid UI, and the component with the largest temperature
difference between its case and junction, respectively. Figure 8 provides the temperature history
of the hottest location on the printed wiring board.

Based on Figure 4, it takes approximately 50 minutes for the components with the largest time
constant to reach their steady state operating temperatures. Since the Linear Regulator module
reaches steady state before another transient cycle begins, it is not necessary to analyze the
module for three complete cycles as shown in Figure 3. The temperature response in the
subsequent cycles will be identical to that in the first cycle of the transient profile. The
component operating temperatures at the end of each transient cycle are the same as those
predicted for the steady state condition and are shown in Tables I through 4.

A. T. Bishop, Staff Engineer
THERMODYNAMICS DEPARTMENT

M .Cry Scientist

THERMODYNAMICS DEPARTMENT
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TABLE W-1
F-15 PSP LINEAR REGULATOR MODULE

PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE SE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TLAP TEMP
(DEG C) (DEG C) (DEG C)

oee.... S. gogeeo*e*o~egS*.Soggeg. .***om*...* eg....

Ci M39003/01-2544 6.060 68. 68.

C2 M3903/01-2544 6.0e 76. 76.

C3 905570-498 6.060 67. 67.

C4 905570-1e38 e.090 7e. 76.
CS M39ee3/01-2541 8.000 67. 67.

C6 M390e3/01-2544 6.066 68. 68.

C7 M39eo3/01-2544 6.666 68. 68.

Ca 90557e-498 e.ee 66. 66.

C9 905570-1038 06 66. 66.

CIO M39003/91-2549 6.00 65. 65.

Ci1 905570-498 6.066 68. 68.

C12 905570-1938 6.0e 68. 68.

C13 M39003/01-2549 e8e0 68. 68.

C14 M39003/61-2596 6.00 69. 69.

C15 905570-558 6.60 68. 68.

C16 M39803/01-2552 6.666 78. 76.

C17 M39ee3/01-2552 0.086 78. 70.

CR2 JANTXIN3600 6.600 76. 70. 78.

CR3 JANTXIN5418 0e.0 68. 68. 68.

CR4 JANTXIN3600 6.06 68. 68. 68.

CR5 JANTX1N3600 8.00 68. 68. 68.

CR7 JANTX2N2324 6.eee 68. 68. 68.

01 928765-5028 3.580 77. 8. 83.

03 JANTX2N2907A 0.60 7e. 78. 76.

04 JANTX2N29O7A 6.660 69. 69. 69.

RI RWR89SR237FP 6.659 78. 73.

R2 RWR89SR237FP 0.059 76. 71.

R3 RWR81S365eFP 0.130 76. 98.
R4 RCRe7G223JR 6.066 66. 66.

RS RWR8OSR237FP 0.022 70. 73.

R6 RWRSSR237FP 6.022 76. 71.

R7 RNC69H2491FR e.00 78. 76.

R8 RWR8OSR237FP 6.035 70. 72.
R9 RWR81S3650FP 0.130 68. 96.

RIO RCRO7G223JR 0.00 65. 65.

R11 RWR89SR511FP 0.015 68. 69.

R12 RNC69H2491FR 0.660 68. 68.

R13 RCR07G223JR 0.000 68. 68.

R14 RWR8OSIRe6FP 0.0e 68. 68.

R15 RNC60H1540FR 0.600 68. 68.

R16 RCRO7G471JR 6.0e0 70. 76.
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TABLE W-1 (Continued)
F-15 PSP LINEAR REGULATOR MODULE

PRINTED WIRING BOARD

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
... o..ee~eOeeS.e~eooeoeeoeoeoeeSeeeeoeSeeeeeeo$

R17 RCR87GI1JR 6.666 70. 76.

RIB RCR97GI02JR 6.666 76. 76.
R26 RNC66H2611FR 6.666 68. 68.
R21 RCR07G222JR 6.666 76. 7e.

R22 RCR87G332JR 6.60e 76. 70.
R23 RCR07GI52JR e.ege 76. 88.
R24 RNC6eH6191FR 0.666 69. 69.
R25 RNC6eH6811FR 6.ee6 69. 69.

R26 RCRO7G68IJR 6.666 69. 69.
R27 RCR7GI02JR 6.666 69. 69.
R28 RCRe7G330JR e.00 69. 69.

R29 RCR07G1lJR 6600 68. 68.
R30 RWR80SIReOFP 6.6ee 68. 68.
R31 RCR07GI03JR 8.99 70. 76.

R32 RCR87GI33JR 6.68 76. 76.

R33 RCR07GI03JR 6.666 76. 76.
R34 RCR67G752JR 6.666 76. 76.
R35 RCR87GI03JR e.ee 76. 70.
R36 RCR07G183JR 6.666 70. 7e.

Ul 934266-5018 2.266 74. 78. 79.

U2 934268-5018 1.636 76. 72. 72.
U3 934268-Sel e.37 69. 69. 69.

U4 H990446-01B 0.256 72. 85. 10.
VR1 JANTX1N964B .6ee 76. 70. 76.
VR2 JANTX1N827 6.656 76. 73. 83.

TOTAL OF PART DISSIPATIONS: 7.769 WATTS
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TABLE W-2
F-15 PSP LINEAR REGULATOR MODULE

Ul -- POSITIVE VOLTAGE MREGULATOR HYBRID (DWG 934266)

*.....sese.....eoeee~eeeeeee...*s.....gs*.eseeseseees.e~see

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
o*oe...oo...eoeoooo*oeee..*sgBseseseeeesea*Se.*eseesss*Omo

Ci C1RONFOSeKISe6 0.66e 74. 74.

CR1 1N3666 e.eee 74. 74. 74.

CR2 1N3666 e.ee 74. 74. 74.

CR3 1N3666 6.06 74. 74. 74.

CR4 1N3666 6.06 74. 74. 74.

01 2N2484 6.6e6 74. 74. 74.

02 2N2484 6.666 74. 74. 74.

03 2N2967A e.eee 74. 74. 74.

04 2N2967A 6.066 74. 74. 74.

05 2N3561 e.eee 74. 74. 74.

06 2N4236 e.eee 74. 74. 74.

07 2N53e3 2.266 74. 78. 79.
VRI 1N825 6.666 74. 74. 74.

VR2 1NZ49A 6.666 74. 74. 74.

TOTAL OF PART DISSIPATIONS: 2.26 WATTS
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TABLE W-3
F-iS PSP LINEAR REGULATOR MODULE

u2 -- NEGATIVE VOLTAGE REGULATOR HYBRID (DWG 934268)

* *** .e S S.e ......... ee .. ....... *S..... S.. SS@eSSSSSSSeSeS*SO

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION

SYMBOL NUMBER (WATTS) TEMP TEMP TEMP
(DEG C) (DEG C) (DEG C)

eeeeoseeeeoeeeeeeeeeSoeS .****S.*****.S*S**..S...*****.*S.

Cl CIRONFOSOK1ee6 0.000 70. 78.
CRI 1N3600 e.e0e 70. 70. 76.

CR2 IN3600 0.000 70.. 70. 76.

CR3 1N3600 0.000 70. 70. 70.

CR4 1N3600 0.00 70. 70. 70.
01 2N2484 0.000 70. 70. 70.
02 2N2484 0.000 70. 70. 70.

03 2N2907A 0.08 70. 70. 70.
04 2N2907A 0.000 70. 70. 70.
05 2N3501 0.000 70. 70. 70.

06 2N4236 0.00 7e. 70. 7e.
07 2N5303 1.03 70. 72. 72.
VR1 1N825 0.000 7e. 78. 70.
vR2 1NZ49A 0.0ee 7e. 70. 70.

TOTAL OF PART DISSIPATIONS: 1.030 WATTS
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TABLE W-4
F-IS PSP LINEAR REGULATOR MODULE

U3 -- NEGATIVE VOLTAGE REGULATOR HYBRID (DWG 934268)

MOUNTING

CIRCUIT PART POWER SURFACE CASE JUNCTION
SYMBOL NUMBER (WATTS) TEMP TEMP TEMP

(DEG C) (DEG C) (DEG C)
.....o....@eo.ooo.oo~eoaas***S...oee~oeeeooeaaoaSoaS**S*eeo

Cl CIRONFOS0KI606 e.006 69. 69.

CR1 1N3600 0.000 69. 69. 69.

CR2 1N3600 0.60 69. 69. 69.

CR3 1N3600 B.OSS 69. 69. 69.

CR4 IN3600 .ee 69. 69. 69.

01 2N2484 0.006 69. 69. 6c.

02 2N2484 0.060 69. 69. 69.

03 2N2907A 0.006 69. 69. 69.

04 2N2997A o.eee 69. 69. 69.
05 2N3501 .ee 69. 69. 69.

06 2N4236 e.006 69. 69. 69.

07 2N5303 0.037 69. 69. 69.

VRI 1N825 0.00 69. 69. 69.

VR2 1NZ49A 0.006 69. 69. 69.

TOTAL OF PART DISSIPATIONS: 0.037 WATTS
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APPENDIX X

COMPARISON OF PREDICTED AND
MEASURED TEMPERATURES FOR TIMING

AND CONTROL MODULE

AVOID VERBAL ORDERS

SOURCE CODE LOC BLDG M/S PHONE
J. M. Kallis 72-26-10 EO El B105 616-6540

Fr;3M SOURCE CODE LOC. BLDG. M/S PHONE

W. J. Hoskins 72-26-22 EQ El B104 416-1121
S:JSBJECT DATEF-15 PSP Timing and Control Module Analysis and Test Comparison 25 April 1991

REFERENCE

IDC 722620/1292, 'Thermal Analysis of the F-15 PSP Timing and Control Module, from W. J. Hoskins to
R D. Ritacco, dated September 2, 1988.

SUMMARY

A detailed steady state thermal analysis of the Programmable Signal Processor (PSP) Timing and Control
(T&C) module for the F-15 aircraft had been performed and was documented in Reference 1. Since then, a
thermal test has been performed on two identical T & C modules to determine the operating temperatures of
selected components. The purpose of this document is to compare the test and analysis results.

The Timing and Control Module is a flow-through module that consists of two printed wiring boards(PWBs)
mounted on a rectangular heat exchanger. The heat exchanger is made of rectangular plate finstock (7.OR-
.125-.5(O)-.006AI) sandwiched between two 0.008 inch thick 6061 -T6 Aluminum facesheets. The module
power dissipation is taken to be 47.8 watts. The In-flight air inlet temperature is 29.40C(850F) at a flow rate of
0.202 lb/min. For the test an air inlet temperature of 270C (81 OF) is used. For comparison purposes the
analytical results are based on the same 27oC (81OF) air inlet temperature.

RESULTS

The results of the test and analysis are provided in Table 1. This table provides measured temperatures for
Modules 1 and 2 and the temperature predictions for the components whose temperatures were measured
during the test.

The results indicate that components U1315 and U1601 have temperatures with the largest difference
between the measured and analytical values. Component U1315 has a predicted temperature of 360C and
measured values of 460C and 440C for Modules 1 and 2, respectively. Component U1601 has a predicted
temperature of 73oC and measured values of 5900 and 550C for Modules 1 and 2, respectively. Notice that
these components were predicted to have the minimum and maximum temperatures. Also, U1315 with the
minimum temperature prediction has measured values greater than the prediction and conversely U1 601 with
the maximum temperature prediction has measured values lower than the prediction. This suggests that the
temperature discrepancies might be due to the component temperatures being more coupled than in the
analysis. More thermal coupling of the components would cause the temperatures of the components to be
nearer the average, particularly those near the minimum and maximum.

X-I



The largest analytical uncertainty related to the thermal coupling of components occurs in the PWB. The
PWB contains many partial copper ground planes whose thermal effects are accounted for by increasing the
lateral thermal conductivity of the PWB. Therefore, an additional analysis was performed increasing the
effective lateral thermal conductivity of the PWB from a conservative 0.34 watts/in-oC to a more realistic value
of 0.914 watts/in-oC. The results of this analysis, provided in Table 2, show that the lateral conductivity is a
minor factor contributing to the discrepancies. The revised temperature prediction for components U1315
and U1601 are 380C and 720C, respectively, only 2 and 1 degree different from the original prediction.

This indicates that there are other factors contributing to the discrepancy in the results. Most notably there
may be inaccuracies in the component power dissipations, in addition there are typically flow leaks as large
as 25 percent in a flow through module of this type. Both of these factors can substantially effect the test and
analysis results. Neither the flow leaks nor the power were measured during the test, so they could not be
compared to the analysis inputs. A report will be published which documents the details of the test procedure
and results.

W. J. Hoskins, Stff Engineer

Approved by:
T. Rust, Senior Staff Engineer
THERMODYNAMICS DEPARTMENT

WJH/blo

A. L. Lena
G. N. Morrison
T. L. Payne

X-2



TABLE X-1.
F15 PSP TIMING AND CONTROL MODULE
CASE TEMPERATURE COMPARISON (OC)

Measured Measured

mpnntModule Module eitd

C151 66(1) 61(-4) 65

U1315 46(10) 44(8) 36

U1401 59 (-5) 56 (-8) 64

U1508 64(-1) 62(-3) 65

U1601 59(-14) 55(-18) 73

U1611 59(1) 58(0) 58

U1703 63 (-2) 59 (-6) 65

U2217 58(-6) 54(-10) 64

U2616 63 (-3) 58 (-8) 66

U2707 61(2) 57 (-2) 59

Note: Temperatures in parenthesis are measured minus predicted
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TABLE X-2
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE

SYMBOL NUMBER (WATTS) TEMP TEMP
(DEG C) (DEG C)

****o*O*e@**e*ee**d*4oeo*Soo* *SS** * * e **e

c11eB| 905576-738 eseoe 50. 58.

Cil1 M39e03/02-0079 e.ee 57. 57.
C112 905576-738 6.000 55. 55.

C113 9e5576-73B 0.000 53. 53.
C115 9e5570-739 .e0e 39. 39.

C116 905570-738 0.6ee 35. 35.

C117 39003/62-e079 e.ee 35. 35.

C121 905578-738 e.ee 57. 57.

C122 905570-738 0.00 56. 56.

C123 905576-738 0.006 54. 54.

C124 M39003/02-0079 6.0ee 47. 47.

C125 905570-738 0.666 39. 39.

C126 905570-738 0.666 35. 35.
C127 905576-73B e.eee 32. 32.

C131 905570-73B e.ee 58. 58.
C132 90557e-738 0.606 57. 57.

C133 90557e-738 e.eee 55. 55.

C134 9e557e-73B e.806 49. 49.

C135 905576-738 0.066 40. 40.

C136 965570-738 0.006 36. 36.

C137 965576-73B e.eee 33. 33.

C141 M39ee3/02-068 e.eee 66. 66.

C1414G M396e3/e2-6e87 e.eee 42. 42.

C1415C 905570-739 e.eee 37. 37.

C142 9e5570-739 e.eee 59. 59.

C143 905570-738 6.666 57. 57.

C144 M39903/02-6e68 6.eee 52. 52.

C145 905570-738 e.666 42. 42.

C146 965576-738 0.06e 37. 37.

C147 M39003/62-e068 e.eee 34. 34.

C151 905570-738 e.eee 62. 62.

C152 965576-739 e.eee 61. 61.

C153 96557e-738 0.666 57. 57.

C154 90557e-738 0.08 53. 53.
C155 965570-738 e.eee 44. 44.

C156 905576-738 e.eee 39. 39.
C157 905576-73B e.eee 36. 36.

C162 965576-73B 0.00 68. 66.

C163 965570-73B e.ee 57. 57.
C164 9e5570-73B e.ee 53. 53.
C165 905570-738 e.eee 45. 45.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE
SYMBOL NUMBER (WATTS) TEMP TEMP

(DEG C) (DEG C)
o.e~ee*.eeOe.*Seo..e...e.*e.*eee.e.eee***e.....

C166 905570-73B o.ee 41. 41.
C167 905578-738 0.0e0 37. 37.

C172 905570-73B 0.000 66. 60.
C173 905570-73B 0.eee 58. 58.
C174 905570-738 0.000 53. 53.
C175 905578-738 e.ee 47. 47.
C176 905576-738 0.008 43. 43.
C177 905570-738 e.0e 40. 40.
C21641 90557e-738 e.eee 36. 36.
C211 905570-738 0.ee 33. 33.
C21101 96557e-738 0.000 46. 46.
C21161 905570-736 e.ee 55. 55.
C212 985576-738 0.000 36. 36.
C213 905570-738 0.000 39, 39.

C214 905570-738 0.000 46. 46.
C215 905570-738 0.0ee 52. 52.
C216 905576-73B 0.000 55. 55.
C221 905570-738 0.000 33. 33.
C222 905570-736 0.000 36. 36.
C223 905570-738 0. 0 46. 40.

C224 905570-738 0.000 47. 47.
C225 905570-738 0.000 54. 54.
C226 905570-738 0.000 56. 56.
C227 905576-738 e.ee 58. 58.
C231 905570-73B 0.000 34. 34.
C232 905570-73B 0.000 37. 37.
C233 905576-738 0.000 41. 41.

C234 905570-738 0.000 48. 48.
C235 905570-739 e.0ee 55. 55.
C236 905570-738 0.00 57. 57.
C237 905576-738 0.000 59. 59.

C241 M39083/e2-8068 0.000 35. 35.

C242 905576-738 6.600 40. 40.
C243 965570-738 0.6e 43. 43.
C244 M39003/e2-6668 e.ee 49. 49.
C245 905570-738 e.ee 56. 56.
C246 965578-73B e.eee 58. 58.
C247 M39003/02-0068 .eee 61. 61.
C251 905576-738 6.606 37. 37.
C252 965576-73B e.ee 41. 41.
C253 905570-738 0.60 45. 45.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE
SYMBOL NUMBER (WATTS) TEMP TEMP

(DEC C) (DEC C)

C254 9e5578-73B 0.000 50. 5.

C255 905570-73B 0.008 57. 57.
C256 905570-73B 0.000 60. 66.

C257 905570-738 e.8e8 61. 61.

C261 905570-738 8.eeo 39. 39.

C262 905570-73B 0.000 43. 43.

C263 9e5570-73B 0 000 47. 47.

C264 905570-73B ee 51. 51.

C265 905570-738 0.00 57. 57.

C266 905570-73B 0.088 60. 60.

C267 905570-73B e.00 61. 61.

C271 905570-73B 0.080 40. 40.

C272 905570-73B 0.000 44. 44.

C273 905570-73B 0.000 47. 47.

C274 905570-738 0.800 52. 52.

C275 905570-738 0.000 58. 58.

C276 905570-738 0.000 59. 59.

C277 905570-738 0.000 60. 60.

CRI11IG JANTXIN4150-1 0.000 43. 43.

CRI115A JANTXIN4150-1 0.000 35. 35.

CR1215A JANTXIN415e-1 0.000 35. 35.

CR1215C JANTX1N415O-1 0.000 35. 35.

CR1316A 925974-18 0.e0 36. 36.

Rl183 M8340183M27ROJA 0.e76 55. 57.

R1106 955230-88 0.100 53. 89.

R1111A RCRe7GIOIJS 0.040 43. 43.

Rl111C RCRe7G512JS 0.04e 43. 43.

R1111E RCRe7GIeOJS 0.04e 43. 43.

R11128 RLR32C348FP 0.040 43. 44.

R1112F RLR32C348FP 0.04e 43. 44.

R1113B RLR32C348FP 0.040 39. 40.
R1I13F RLR32C348FP 0.040 39. 40.

R11148 RLR32C348FP 0.040 39. 40.

R1114F RLR32C348FP 0.040 39. 40.

R1115C RCRe7GieeJs 0.040 35. 36.

R1116 M8340103M27ROJA 0.070 35. 37.

R114 RCRe7GI21JS e.040 47. 47.

R1215E RCRe7G27eJS e.040 35. 36.

R1303E RCRe7G27eJS 0.04e 57. 58.

R1303G RCRe7G278JS 0.040 57. 58.

R1414A RCR07G152JS 0.048 42. 42.
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TABLE. X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS
INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE

SYMBOL NUMBER (WATTS) TEMP TEMP
(DEG C) (DEG C)

;;o ;:oo oo eoe7 ;;oooooo eoooo**oooeO4 e004o2 oooooe4 oe0
R1414C RCRe7G1O2JS 6.e4e 42. 42.

R1414E RCRO7GleeJS e.040 42. 42.
R1415A RCR67G392JS 0.04e 37. 38.

R1415E RCR97G826JS 6.046 37. 38.

R1415G RCRO7G336JS 6.e40 37. 38.

R217 RNCSOH3161FS 6.076 57. 66.

R2105 M8340103M27ROJA 0.670 39. 41.

R2107 M8346103M27ROJA 0.676 43. 44.

R2113 M8348183M27ROJA 6.676 52. 54.
R2116 M834e163M27ROJA 6.e76 55. 57.

R2117 M8340183M27ROJA e.676 57. 58.
R2118 M834e183M27ROJA 0.076 57. 58.

Ul11 932849-1B 0.366 57. 64.
U1102 932849-1B e.3ee 57. 64.
U1104 932783-28 6.692 55. 57.
Ull5 M38518/30003BDX 6.013 53. 53.

U1107 932730-2B 6.173 5e. 53.
Ul188 M38519/07001BDX e.79 56. 51.

U1l19 932736-28 0.173 47. 5e.
Ul110 932736-28 e.173 47. 50.
U1203 932849-1B e.366 56. 63.
U1204 932783-2B 6.692 56. 58.

U12e5 932736-2B 0.173 54. 58.

U12e6 932614-3B 0.473 54. 64.
U1207 M3851e/07ee3BDX 0.118 51. 53.
U1208 M38510/073618DX 0.113 51. 53.
U12e9 M3851e/07ee3BDX 6.118 47. 50.

U1216 M38510/07063BDX 6.118 47. 56.
U1211 932828-226 6.472 44. 52.

U1216 M38516/67e83BDX 6.118 35. 38.

U1304 932616-5018 6.106 57. 59.
U1305 M38510/67663BDX 0.118 55. 57.

U1366 M38510/07001BDX 6.679 55. 57.
U1307 932614-3B 0.473 53. 63.
U1308 M38510/34102BFX 6.168 53. 56.

U1369 932614-38 6.473 49. 59.
U1310 M38518/341028FX 6.168 49. 53.
U1311 932756-1B 0.106 45. 47.

U1312 932756-18 0.10 45. 47.
U1313 932783-28 6.692 46. 42.
U1314 932783-28 0.692 46. 42.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE

SYMBOL NUMBER (WATTS) TEMP TEMP

(DEG C) (DEG C)

U1315 928063-501B 0.095 36. 38.

U1401 932730-2B e.173 60. 64.

U1402 M3851o/e74018DX 0.057 60. 61.

U1403 M38510/07401BDX 6.e57 59. 66.

U14e4 q32614-38 0.473 59. 69.

U1405 M38510/07001BDX e079 57. 58.

U1406 932614-38 0.473 57. 67.

U1407 932727-18 e.447 55. 65.

U1408 932820-218 0.472 55. 63.

U1409 932727-18 0.447 52. 61.

U1410 932727-18 0.447 52. 61.

U1411 932614-38 0.473 47. 57.

U1412 M38510/080018DX 0.099 47. 49.

U1413 M38510/07elBDX e.679 42. 44.

U15el 932709-18 e..25 62. 74.

U1502 932709-18 6.525 62. 74.

U1503 9327e9-18 0.525 61. 72.

U1504 932614-38 6.473 61. 71.

Uls5 M38510/070038DX 6.118 57. 66.

U15e6 M38510/070e9BFX 0.022 57. 58.

U1507 932709-18 0.525 56. 68.

U1508 93282e-217 0.472 56. 64.

U1509 932820-219 0.472 53. 61.

U1510 932820-226 0.472 53. 61.

U1511 M38510/07501BDX 0.263 48. 54.

U1512 932746-1B e.342 48. 56.

U1513 932746-18 e.342 44. 51.

U1514 U3851e/30665BDX e.084 44. 46.

U1515 M38510/306058DX 6.084 39. 41.

U1516 M3851e/3e6SBDX 0.084 39. 41.

U1517 M3B51e/306e5BDX 6.084 36. 37.

U1518 932749-18 0.158 36. 39.

U16el 930739-18 0.100 60. 72.

U1603 93273e-28 e.173 66. 64.

U16e4 M38510/54102BFX 0.168 60. 64.

U1605 M38510/070098FX 0.022 57. 58.

U16S6 M3851e/e8ee1BDX 6.099 57. 60.

U1607 932709-18 0.525 57. 68.

U1608 932746-1B 0.342 57. 64.

U1609 932732-10 0.289 53. 59.

U1610 932732-18 0.289 53. 59.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONPUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE

SYMBOL NUMBER (WATTS) TEMP TEMP
(DEG C) (DEG C)

U1611 932826-215 0.472 56. 58.

U1612 M385ie/e7ee3BDX 6.118 56. 52.

U1613 932749-18 6.158 45. 49.

U1614 932749-18 6.158 45. 49.

U1615 932749-18 0.158 41. 45.

U1616 932749-18 0.158 41. 45

U1617 932749-18 6.158 37. 41.

U1618 932749-18 e.158 37. 41.

u1703 932736-28 0.173 66. 64.

U17e4 932769-18 8.525 66. 71.

U1765 932769-18 0.525 58. 69.

U1766 932696-16 0.053 58. 59.

U1707 932746-lB 6.342 56. 64.

U1768 932746-18 e.342 56. 64.

U1709 932732-18 6.289 53. 59.

U1710 932732-18 e.289 53. 59.

U1711 93282e-224 e.472 50. 58.

U1712 M38510/33761BFX 06.33 56. 51.

U1713 932746-16 6.342 47. 54.

U1714 932746-18 e.342 47. 54.

U1715 932746-16 0.342 43. 51.

U1716 932746-16 6.342 43. 51.

U1717 932746-18 6.342 46. 47.

U1718 932746-1B 6.342 46. 47.

u2161 M3851e/67ee3BDX 6.118 33. 36.

U2102 M3851e/67ee3BDX 6.118 33. 36.

U21e3 M3851/e7ee3BDX 6.118 36. 38.
U21e4 M3851e/e7ee3BDX e.118 36. 38.

U2106 932849-1B 6.3e 39. 46.

U2168 932849-1B 6.300 43. 49.

U21e9 932736-26 6.173 46. 56.
U2116 93273e-28 6.173 46. 56.

U2111 932736-28 6.173 56. 53.

U2112 932736-2B 0.173 56. 53.

U2114 932728-16 6.e79 52. 54.

U2115 932728-18 6.079 55. 57.

U22el 932726-18 6.684 33. 35.

U2262 932726-1B 6.684 33. 35.

U2203 M3851e/670e3BDX e118 36. 39.

U2264 H996436-SOIB e.122 36. 39.
U2285 H990436-eeB 0.122 46. 42.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS

INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING

CIRCUIT PART POWER SURFACE CASE

SYMBOL NUMBER (WATTS) TEMP TEMP
(DEG C) (DEG C)

U2296 H99436-661B 6.122 46. 42.

U2207 H990436-0elB 0.122 43. 46.

U2208 932726-18 0.084 43. 45.

U2209 932726-1B 0.084 47. 48-

U2210 932728-18 e.079 47. 48.

U2211 932728-1B 0.079 5e. 52.

U2212 932728-1B 0.679 56. 52.

U2213 M38519/e7003BDX 0.118 54. 56.

U2214 932849-1B 6.300 54. 66.

U2215 M38510/070e3BDX 0.118 56. 59.

U2216 932849-1B 0.30 56. 63.

U2217 932849-18 0.300 58. 65.

U2218 932849-1B 6.306 58. 65.

U2301 M38510/073e1BDX 6.113 34. 36.

U2302 932728-1B 6.079 34. 35.

U2393 932728-18 0.079 37. 39.

U2304 932749-IB 6.158 37. 4e.

U2365 932749-19 e.158 41. 44.

U2306 932749-1B 6.158 41. 44.

U2307 932749-1B 0.158 45. 48.

U2308 932749-1B 6.158 45. 48.

U2309 932749-18 0.158 48. 51.

U2310 H99436-6018 6.122 48. 51.

U2311 M3851e/080018DX 6.699 51. 53.

U2312 M38510/30361BDX 0012 51. 51.

U2313 932728-18 0.079 55. 56.

U2314 H990436-ee9 0.122 55. 57.

U2315 H990436-6619 0.122 57. 60.

U2316 M38516/0701BDX 0.079 57. 59.

U2317 932685-18 0.035 59. 59.

U2318 M38510/30ee1BDX o.8es 59. 59.

U2401 M3851e/e73O1BDX 0.113 35. 38.

U2402 932736-16 0.394 35. 44.

U2403 932736-18 0.394 46. 48.

U2404 932736-19 0.394 40. 48.

U2405 932736-19 6.394 43. 52.

U2406 932736-18 0.394 43. 52.

U2407 932736-1B 0.394 46. 55.

U2408 93269e-18 0.053 46. 48.

U2489 932690-1B 0.053 49. 50.

U2410 932756-18 0.106 49. 51.
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TABLE X-2 (Continued)
F-15 PSP TIMING AND CONTROL STEADY STATE RESULTS
INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

MOUNTING
CIRCUIT PART POWER SURFACE CASE
SYMBOL NUMBER (WATTS) TEMP TEMP

(DEC C) (DEG C)

U2411 M3851e/303018DX 0.012 52. 53.
U2412 M38510/07e0BOX e.079 52. 54.
U2413 M38510/87003BDX 0.118 56. 59.
U2414 932614-3B 0.473 56. 67.
U2415 932756-1B 0.100 58. 61.
U2416 932756-18 e.100 58. 61.
U2417 932614-31 8.473 61. 71.
U2418 M38510/07005BDX e.e59 61. 62.
U2501 932728-lB 0.079 37. 39.
U2502 932736-1B 0.394 37. 45.
U2503 932736-1B 0.394 41. 5.
U2504 932736-1B 0.394 41. 50.
U2505 932736-IB 0.394 45. 54.
U2506 932736-18 0.394 45. 54.
U2507 932736-18 0.394 48. 56.
U25e8 932690-1B 0.053 48. 49.
U2509 932690-18 0.053 50. 52.
U2510 932756-1B e.1ee 50. 53.
U2511 M38510/07001BDX 0.079 54. 55.
U2512 M38510/07003BDX 0.118 54. 56.
U2513 932614-38 0.473 57. 67.
U2514 M3851e/e8eeBDx 0.e99 57. 6e.
U2515 M38510/07401BDX e.057 66. 61.
U2516 932614-38 e.473 60. 78.
U2517 932727-1B 0.447 61. 71.
U2518 M38510/0703BDX 0.118 61. 64.
U2601 932736-1B 0.394 39. 47.
U2602 932736-lB e.394 39. 47.
U2603 932736-1B 0.394 43. 51.
U26e4 932736-lB 6.394 43. 51.
U2605 932736-IB 6.394 47. 55.
U26e6 932736-IB e.394 47. 55.
U2607 932736-1 0.394 49. 57.
U2608 932690-1B 0.653 49. 50.
U2609 93269e-18 e.053 51. 52.
U2610 932756-1B 0.10e 51. 53.
U2611 M38510/07e01BDX 0.079 54. 56.
U2612 932690-lB e.853 54. 55.
U2613 M38518/34102BFX 0.168 57. 61.
U2614 M38518/3e5028DX 0.032 57. 58.
U2615 M38510/07803BDX 0.118 60. 62.
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TABLE X-2 (Continued)
F-1S PSP TIMING AND CONTROL STEADY STATE RESULTS
INCREASED LATERAL CONDUCTIVITY TO 0.914 W/IN-DEG C

... *.*. e******.***.............. *e****e.e*e..*..*

MOUNTING
CIRCUIT PART POWER SURFACE CASE
SYMBOL NUMBER (WATTS) TEMP TEMP

(DEG C) (DEG C)

U2616 M38510/33901BFX 6.237 66. 65.

U2617 U38510/08091BDX 8.099 61. 63
U2618 M38518/87O01BDX 6.079 61. 62
U2701 932736-1B 0.394 40. 49
U2702 932736-18 6.394 40 49
U2703 932736-1B 0.394 44 52
U2704 932736-IB 0.394 44 52
U2705 932736-IB 0.394 47 56
U27e6 932736-1B 0.394 47 56
U2707 932736-1B 0 394 50 58
U2708 932690-lB 6 053 50 51
U2709 932690-lB 0 053 52 53
U2710 932756-1B 0 le6 52 54
U2711 M38510/07083BDX 0 118 55 57
U2712 932690-lB 0 053 55 56
U2713 932746-IB 6 342 58 65
U2714 M38510/070018BX 0 079 58 59
u2715 M38510/34102BFX 0 168 59 63
U2716 M38518/07001BDX 0 679 59 61
U2717 M38510/07003BDX 0.118 60. 62.

TOTAL OF PART DISSIPATIONS: 47.766 WATTS
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